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NOTES 



Chemical Lectures. 



GENERAL PROPERTIES OF MATTER. 



CHEMICAL PHYSICS. 

Physics is the study of matter under all its various phases. 
Physics or Natural Science may be divided into the following 
•branches : — 



Physics 


( NsiumI Hisiory, 




iirJ Science. 




f Nalaral PliLlosophy. 




[ General Philosophy. 


Ch^miitry. 
I Aslronomy. 



Chemistry is that branch of physics, or the science, which 
■treats of the properties and laws relating to the ultimate 
molecules and atoms of matter. 

Science is the knowledge of the laws pertaining to any 
given class of phenomena. 

Chemistry became a fixed science in 1774, when oxygen was 
•discovered. 

Properties of matter: Physical and chemical. 

A law in physics expresses what will take place when 
■certain conditions are supplied — as the law of gravity, 

A molecule is the smallest quantity of matter that can exist 
in the free state. It is the smallest particle of matter into 
which a body can be divided without losing its identity. 

Example : The smallest particles of sodium chloride which 
<an exhibit the properties of this substance are molecules. 
(5) 
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Molecules are made up of atoms. Atoms enter into com- 
bination to form molecules. 

In elementary matter the molecules are composed ot 
atoms of matter of the same kind. 

In compound matter the molecules consist of dissimilar 
atoms. 

All matter, either simple or in combination, is made up oi 
about 70 elementary forms of matter. 

Oxygen is an elementary form of matter. 

An atom is the smallest particle of matter that can enter 
into chemical combination. It is that quantity by weight of 
matter which is constant in regard to its capacity for heat. 

A mass of oxygen is made up of molecules; the molecules 
are made up of atoms. 

Hydrogen is an elementary form of matter. An atom of 
hydrogen may combine with another atom of hydrogen and 
form a molecule. 

An atom of hydrogen may combine with one atom Of 
chlorine, forming a molecule of hydrochloric acid. 

The atom of hydrogen does not exceed the s oooio iJuir ^^ 
an inch in its largest diameter. 

The elementary forms of matter unite among them- 
selves in different proportions. 

Examples : 

H,0 = one molecule of water. 
H,0, = one molecule of hydrogen peroxide. 
CjH^O = one molecule of alcohol. 
SCjH^O = five molecules of a definite compound made up 
of three of the 70 elementary forms of matter in definite pro- 
portions by weight. 



A07£S OJi CB£MICAL LElll 

are nuKk: up (A aWms^ Alcaic enter inK ccic— 
trntsoif/n to ff/rm mokcukr^.. 

Ifi eletneotarf matter the oiokcu^ are oDflcpcr^od ot 
nUjm% o( nuttttr of the same kind. 

In compoond matter the mosecules consist o( dissiici]ar 
atOfm«. 

All miUtjtr, either simple or in combination, is mac5e up ei 
abr/iit 70 elementary forms of matter. 

Oxygen is an elementary form of matter. 

An atom Is the smallest particle of matter that can enter 
into chemical combination. It is that quantit\' by weight of 
matter which is constant in regard to its capadty for heat. 

A mass of oxygen is made up of molecules ; the molecules 
are made up of atoms* 

Hydr^igen w an elementary form of matter. An atom of 
hydrr^cn may combine with another atom of hydrogen and 
fiorm a molecule. 

An a^om of hydrogen may combine with ime atom Of 
chUirine, forming a molecule of hydrochloric acid. 

The atom of hydrogen does not exceed the soobiuooo ^^ 
an inch in its largest diameter. 

The elementary forms of matter unite among them- 
selves in different proportions. 

Examples : 

H,0 :--= one molecule of water. 
HjO, = one molecule of hydrogen peroxide. 
C,l 1/) — one molecule of alcohol. 
ftCjIl/J =2 five molecules of a definite compound made up 
of three of the 70 elementary forms of matter in definite pro- 
portions by weight. 



IS XOT£S OX CHLMKAL LECTLHES. 

Alcohol has never been observed in the solid state. 

Carbon has never been observed except in the sohd state. 

Matter in the ^a^eoiLs state cannot be reduct;d to the liquid" 
state until the matter has been brought below a certain 
temperature, called the critical point. 

Carbon monoxide at ordinary temperature, under a pressure 
of '27S)0 atmospheres remains a gas; but at — 139° C, and a 
pressure of 35,5 atmospheres it becomes a liquid ; and at 
— 210° C. it liquefies without external pressure, 

3. IMPENETRABILITY: Two bodies cannot occupy 
the .same space at the same time. 

4. DIVISIBILITY: Matter may be divided indefinitely 
without deslni)in^' its properties. 

Examples; A globule of mercury measuring juiuir ^^ 'i" 
inch in diameter may be easily recognized by its peculiar prop- 
ertic."!. although weighing only ysssfl'inrinnf of » grain. 

Newton found the opaque part of a soap bubble (essentially 
coiisifiting of water) to be j j a i inrtr °'' ''" '"*^'^ '" thickness. 

5. POROSITY: The ultimate molecules of matter are not 
in absolute contact, 

{a) Solids : Mercury may pass through the pores of wood. 

{b') Liquids: Alcohol and water when mixed occupy less 
space than the two when unmixed, 

(c) Gases: A globe filled with vapor of water (steam) at 
212° F. may have introduced into it as much vapor of alcohol 
as if no vapor of water were present (and in addition, as much 
vapor of ether may be introduced into the same globe as if no 
vapors of water and alcohol were present). Ten to twelve 
different vapors may successively be introduced into the satne 
globe. 

G. COMPRESSIBILITY: By external force the ulti- 
mate particles of miitter may be brought more closely in 
contact, the molecules themselves not being in absolute 
coiitict. 

Examples, (a) Solids: Compression of rubber, the com- 
pression of iron, lead, etc., by hammering. 
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Expansibility: Gases expand on lessening the atmospheric 
pressure. There is no limit to the expansibility of gases. The 
-expansibility of gases may be illustrated by the air pump, 
which is an apparatus used to withdraw air from a closed 
vessel. 

A barometer is an instrument used for ascertaining the 
atmospheric pressure. The simplest form of a barometer may 
be made by using a straight tube about 85 centimetres long, 
closed at one end, filled with mercury, and the open end 
closed with the thumb, then inverted over mercury and the 
thumb withdrawn. The mercury in the tube will sink until 
t equipoises the atmospheric pressure. The empty space 
above the mercury in the tube is called a Torricellian 
-vacuum. 

The atmospheric pressure at the level of the sea is taken as 
unity, and is assumed to be equivalent to a column of mercury 
-30 inches in height (equal to 762 millimetres). In the French 
system the atmospheric pres.sure at the sea level is assumed 
to be equivalent to a column of mercury 760 millimetres in 
height (equal to 29.992 inches). 

The column of mercury in a barometer containing a few 
drops of water, at the level of the sea, will stand at a height 
of 758 millimetres. 

Containing a few drops of alcohol, 749 millimetres. 
Containing a few drops of ether, 730 millimetres. 
This is due to the tension of the vapor of these liquids. 
The vapor tension varies with each liquid, and the greater the 
temperature the greater the tension. 

The siphon barometer of Bunsen is the one usually em- 
ployed in scientific investigation.s. The readings are made at 
the upper and lower levels of the mercury in the tube, and 
the sum of the two readings is the barometric pressure. 

A sudden change in the barometer indicates a change in 
the weather. A rapid fall of mercury usually indicates a 
storm; a rising column indicates clearing weather. 

The heights of mountains may be measured approximately 
by means of the barometer. The fall of one inch in the 
height of the column of mercury in the barometer, in ascend- 
ing from the level of the sea, is equal to an altitude of 872 
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feet. This latter number, however, is not constant as the fall 
of each inch above one inch in the height of the column of 
mercury is not exactly equal to an altitude of 872 feet. 

The volume of a gas is affected not only by pressure, but 
also by temperature. 

All gases when heated expand ^^ or ^HiT*^^^'^^^^ volume, 
for each rise of 1 degree centigrade above 0° C, or j^ of the 
volume for each rise of 1 degree above 32° F. 

1. Calculation to reduce the volume of a gas to 760 
millimetres pressure and 0° C. temperature. 

Example ; What volume will 20 cubic centimetres ol 
nitrogen measured at 750 millimetres pressure and 15° C. 
temperature occupy at 7G0 millimetres pressure and 0° C. 
temperature ? 

20 : in. 73 c.c. = vol. at 760 millimetres; 



760 : 


750 


and 




(273 15 - 


-2}^) 


288 


. 070 



: 19.73 : 18.7 c.c, vol. at 760 millimetres 
and 0° C. temperature. 

2. Calculation : What volume will 7.4 c.c. nitrogen at 754 
millimetres and 20° C. temperature occupy at 760 millimetres 
and 0° C. ? 

VX(B-T) 
"" 760 X (1 + 6.003665 t°) ' 

In the above formula 

V" ^^ the corrected volume. 

\ = observed volume. 

\\ = observed barometric pressure. 

T = tension of aqueous vapor for temperature t°. 

t° = the observed temperature. 
0.003665 -= coefficient of expansion ot gases for each 

degree Centigrade. 

7.4 .: (754 — 17.4) _ ''>450.84 _ 

76U /: 1.073 ■" 815.48 "" ^'^^ ^•^• 

17.4 millimetres is the tension of aqueous vapor at 20° C. 
temperature. Tables in books give the tension of aqueous 
vapor for different degrees Centigrade. 
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», DILATABILITY refers to the expiinsion of a body 

upon the application of heat. All matter, except when under 
peculiar conditions, expands on the application of heat. 

(a) Solids : No two solids expand equally. 

{b) Liquids: No two liquids expand equally. 

(c) Gases: All gases (simple or compound) expand equally 
on the application of equal increments of heat. 

All gases expand j^T or j^J^if of their volume for each de- 
gree Centigrade above 0° C, or j-Jf ,, for each degree Fahrenheit 
above 32" V. 
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9. INERTIA: Matter li.is in itself no power to change its 
motion or resL 



10. INDESTRUCTIBILITY: Matter cannot be des- 
troyed. 

Force: Force is any ayeiit which can produce, change or 
destroy motion ; or it is any agent which produces or tends to 
produce motion, or which rcsi-st-s any change in the relation 
of the ultimate molecules and atom-s of matter. 

The following four forms of force may be considered in this 
connection : — 

1. Gravity. 

2. Attraction of aggregation (cohe.'^ion), 

3. Heterogeneous attraction (adhesion). 

4. Chemical force. 

1. FORCE OF GRAVITY. 



Force of Gravity i^ 

of matter for every c 



L' attraction possessed by everj- mass 
r mass It is proportionate to the 



d^ 
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■quantity of matter present in the mass, and varies inversely as 
ithe square of the distance between the attracting bodies. 

A body on the surface of the earth is drawn toward the 
centre of the earth, at which point a body would be stationary. 

As the polar diameter of the earth is about 26 miles less than 
its equatorial diameter, 194 pounds of matter at the equator 
would weigh 196 pounds at the pole*. 

Force of gravity cannot be annihilated. It may, however, 
be overcome by another force. 

The act of weighing substances is a practical application ol 
the force of gravity. 

There are four systems of weights; — 

Troy, Apothecaries', Avoirdupois and Metric. 

The metric system is now universally employed in scientific 
investigations. 

The metre is. approximately, the ten-millionth part of the 
-distance from the Equator to the North Pole. 

Length. 

1 Metre = 10 decimetres ^ :19.37 -\- inches. 

1 Decimetre — 10 centimetres— ;lfl37 inches. 
i Centimetre = 10 millimetres = 0.:1937 inch. 

Volume. 

1 Litre = 1000 cubic centimetres ^ 1.761 pint ^ ;t5.2l64 
fld. oz.. Imperial measure. 

1 cubic centimetre = 1 000 cubic millimetres = 0.0;J52 fid. 
oz., Imperial measure. 

Weight. 

The gramme is theoretically the weight of 1 c.c. ol distilled 
water at 4" C. and 760 millimetres barometric pressure. 

1 Kilogramme = 1000 grammes = 2.2054 lbs. avoir. 
1 Gramme — 10 decigrammes = 16.4324 grains. 

1 Decigramme — 10 centigrammes^^ 1.54324 grain. 
1 Centigramme — 10 milligrammes = 0.154324 grain. 

Specific gravity is the weight of a given volume of matter, 
compared with the weight of an equal volume of some other 
matter taken as unitv. 
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Hydrogen is the lightest substance known ; hammerecf 
iridium the heaviest. A cubic inch of hammered iridium con- 
tains about 240,000 limes more matter than an equal volume 
of hydrogen, and would weigh about 240,000 times more 
than a cubic inch of hydrogen. 

The heaviest solid, hammered iridium, is E)2 times heavier 
than the same volume of cork, the lightest solid known. 

The heaviest liquid, mercury, is 2:J limits heavier than the 
same volume of cymogen, a petroleum product, the lightest 
liquid known. 

The heaviest gas, aluminium iodide {Aljl„), is 406.6 times 
heavier than the same volume of hydrogen, the lightest gas 
known. 

The standard for solids and liquids is pure water, accord- 
ing to the English system, at a temperature of 62° F. and 
barometric pressure of 30 inches, or. according to the French 
system, at 4° C. and 760 millimetres, barometric pressure. 
Water has its greatest density at 4° C. 

The common standard for gases, according to the English 
system, is air at IJO" F. and 30 inches pressure, or, according 
to the French system, 0° C. and 700 millimetres. 

The standard for gases in physical and chemical inves- 
tigations is hydrogen at 0° C. and 7G0 millimetres pressure. 

English System. 

1 cubic inch of water weighs 252.45 grains at (i2° F. and 30 
inches pressure. 

1 cubic foot of water weighs 62.5 pounds at 62° F. and 30 
inches pressure. 

\m cubic inches of air weigh 30.935 grains at 60° F. and 30 
inches pressure. 

100 cubic inches of hydrogen weigh 2.14 grains 3160° F. and 
30 inches pressure. 

Metric System. 

1 cubic centimetre nf water weiglis 1 gramme at 4° C. and 
760 millimetres pressure. 

1 litre of water weighs 1 kilogramme at 4° C. and 760 milli- 
metres pressure. 
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1 litre of air weighs 1.251-36 Eramme at 0° C. and 760 milli- 
metres pressure. 

1 litre of hydrogen weighs [).(>8!l6 gramme at 0° C. and 760 
millimetres pressure. 

Air is 14.44 times heavier than hydrogen. 

Water at 4° C. is 772 times heavier than air at 0° C. 
'■ 4° C. is 7>14 ■' ■' '■ ■■ 4° C. 

Specillc Oravlty of Solids. 

{a) Of solids heavier than water. 

Theorem of Archimedes : When a solid is immersed in a 
fluid, It displaces a volume of the fluid equal to its own 
volume, and weighs as much less as the weight of the fluid 
displaced. 

1 . To determine the speciBc gravity of a solid heavier 
than water, lind its weight in air and then in water (under the 
standard cunditions), and divide its weight in air by its loss of 
weight in water; the quotient will be its specific gravity. The 
specific gravity of a solid may also be determined by means 
■of Nicholson's hydrometer. 

Example : To determine the specific gravity of tin : — 

Weight of mass of tin in air, 107S grains, 
Weight of same in water, 934 

Loss in weight, 144 " equals the 

weight of the volume of water displaced, hence — 

107« -;- 1 44 = 7.4» — .specific gravity of tin. 

{b) To determine the specific gravity of solids lighter 
than water. 

Theorem: If a solid specifically lighter than water be 
placed in that fluid it .sinks in the fluid until it displaces a vol- 
ume of the fluid equal to its own weight, and theji remains at 
rest, or floats. To submerge such a body requires a force 
-equal to the difference between its own weight and the weight 
of an equal volume of water. 

Hencc.wdgh the solid in air, then attach it to a solid, of known 
-weight in water, sufliciently heavy to sink it, and then weigh 
Jn water. Divide the weight of the solid in air by its weight 
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in air added to the loss of weight it occasioned in the solid c 
known weight in water, and the quotient will be the specific 1 
gravity. 

Example: A piece of cork weighing 10 grains in the air 
occasionH a loss of weight of 30 grains in the solid to which it 
is attached. 
Hence :— 

10 -: 10 i ;iO. 140). 

in -:- 40 — 0.2.J, specific gravity of cork. 

[c) To determine the speciBc gravity of solids soluble 
in water. 

To find the specific gravity of a solid soluble in water a 
liquid is selected in which the substance is insoluble. 

If the specific gravity of sugar is to be determined, the oil 
of turpentine is selected, as sugar is insoluble in this liquid. 

Example ; 

Weight of a quantity of sugar in air. 100.00 grains. 
Weight of same in turpentine, 4''>.()2 " 

Loss in weight, -AA^ " 

100^54 38 = 1.«;J. 

The specific gravity of oil of turpentine is 0.87, 

Then specific gravity water 1 : O.Hl :: 1.K3 : 1.0 ~ specific- 
gravity of sugar compared with water. 

((/) To determine the specific gravity of solids in pul- 
verized condition. 

To determine the specific gravity of a solid in a comniinutedl 
state, the specific -gravity bottle (picnometer) is used. 

In all such experiments it is necessary to pay attention tO' 
the temperature and purity of the water, and to remove with 
great care all adhering air bubbles, otherwise an erroneous^ 
result will be obtained. 

Specific tiravity of Liquids. 

The specific gravity of a liquid is its relative weight com- 
pared with the weight of an equal volume of water, under the 

standard conditions. 
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(rt) The specific gravity of a liquid may be determined by 
the speciGc-gravity bottle (picnometer). 

Kmploy a bottle or flask of known weight and the weight ol 
which when filled to a certain mark with pure water has been 
determined. Place in the dry bottle an equal volume of the 
liquid under examination and determine its weight. Divide the 
weight of the liquid by the weight of an equal volume of water, 
and the quotient represents the specific gravity of the liquid. 

A flask or bottle (picnometer) holding 1()00 grains of water is 
generally used for this purpose. The bottle may have a ther- 
mometer attached. 

Example: Suppose tho 1000-grain bottle filled with sul- 
phuric ;icid contained 1845 grains of that liquid, then 

1845 -^ lOiiO ^ l.«4'> specific gravity of the acid. 

(#) The specific gravity of a liquid may be determined by 
means of a hydrometer. 

The specific gravity of liquids may be determined by means 
of an in.strument termed a hydrometer, which is a glass instru- 
ment terminating in a bulb containing shot or mercury. The 
tube of the instrument contains a scale with numbers which 
express the specific gravity, so that no computation is neces- 
sary. 1000 is taken as the fixed point (specific gravity ol 
water). 

The hydrometer will .sink in a liquid until it displaces a 
volume of the liquid equal to its own weight, or until it reaches 
a depth where the buoyant force of the liquid is equal to the 
weight of the hydrometer. 

The specific gravity of liquids both heavier and lighter 
than water may be determined in this manner. 

The same instrument may have two scales, as the Universal 
hydrometer, one for liquids heavier, the other for liquids 
lighter, than water. 

For accurate determinations the scale is extended over a 
long spindle, or the scale may be distributed through the 
spindles of a series of hydrometers. 

Aurinometer is a hydrometer with a limited scale, used for 
determining the specific gravity of urine. The numbers on the 
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scale usually rant,'e between 1000 and lOiJO, A urinoraeter ' 
when placed in distilled water, under standard eonditions, 
should sink exactly to the 1000 point. 

Specific Qravlty of QaMs. 

The specific ^jravity of gaSL-s is compared with air or with 
hydrogen at 60° F. and :!0 inches pressure, or 0° C. and 7f>0 
millimetres pressure. 

The specific gravity of a substance in the gaseous state is 
employed to determine the molecular weight of the substance. 

Method : Fill a large glass flask or globe with the pure and 
dry gas, weigh it, and at the same time observe the tempera- 
ture of the surrounding air and the barometric pressure. 
Exhaust the globe by means of an air pump and again weigh. 
Finally, fill it with dry air and weigh it, the temperature and 
pressure being known. On the supposition that the tempera- 
ture and pressure are the same in both cases, the specific 
gravity is at once obtained by dividing the weight of the gas 
by the weight of the air ; if otherwise, correct for temperature 
and pressure. 

Victor Meyer has devised a method and apparatus for the 
determination of the vapor density of substances. 

The specific gravity (compared with air) of the lightest 
substance known (a gas), hydrogen, is 0.0693. 

The specific gravity (compared with air) of the heaviest gas 
known, aluminium iodide, is 28.15. 

Extremes of Specific Qnvlty. 

^ ,. , ( Iridium 21.8 

^^'''^^' ■ ■ -ICork, 0.24 

1 i uids -' Mercury 13.596 

' ' ' ' I Cymogen 0.59 

f- S Aluminium Iodide, . . 28.15 

(comp..cd-th>i.)' ' " I, Hydrogen, 0.0693 

2. ATTRACTION OF AGGREGATION (COHE- 
SION). 

This is a force existing between similar molecules of 
matter and manifesting itself through inappreciable distances. 
Hardness and softness dcjiend upon this fact.i 
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In no two solids is the attraction of a*j<^re<^ation or cohesion 
the same. 

Properties of solids depending upon attraction of aggre- 
gation : 

(a) Tenacity. 
\b) Ductility. 
(c) Hardness. 
\ii) Flexibility. 
{e) Malleability. 

Table of Tenacities, 

Showing the weight necessary to rupture wires of different 
metals -^^ of an inch in diameter and an inch in length. (The 
force of attraction of aggregation existing between the mole- 
cules of a metal.) 

Iron ruptures at WO pounds. 



Copper 


u 


302 


Silver 


<( 


187 


Tin 


• ( 


;}() 


Lead 


<< 


27 



<< 



(< 



(I 



(< 



(a) Solids are either 

1. Cr>'stallizable. or 

2. Uncrystallizable. 

Crystallization is an e.xample of the attraction of aggre- 
gation. All crystalline forms may be arranged in six 
systems : 

1. Monometric (cubic). 

2. Dimetric. 

3. Rhombohedral. 

4. Trimetric (rhombic). 

5. Monoclinic. 
G. Triclinic. 

Substances having the same crystalline form arc isomor- 
phous. A substance capable of crystallizing in two distinct 
forms, belonging to different systems, is dimorphous. 

AUotropism is the property possessed by some substances 
of existing in two or more forms having the same chemica! 

3 
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composition, but different physical and, in some cases, phy^ 
lofjical properties. 

Examples; Sulphur, phosphorus, carbon (diamond ; 
charcoal). Such modifications are said to be allotropic. 

{J>) Liquids: The attraction of aggregation exists in liquids^fl 
but varies considerably, as illustrated in tlie size of the drops 
of difterent liquids. 

(c) Gases : The attraction of aggregation is absent. 
molcculc.-i repel one another, 

3. HETEROGENEOUS ATTRACTION (ADHE-^ 
SIGN). 

A force existing between certain dissimilar molecules ( 
matter and manife.sting itself only through inappreciable dis- 
tances. 

(a) Solids : ICxaniplcs — Glue, cement, etc. 

{J}) — Liquids; Examples — Alcohol added to water 
diffuses through the entire quantity of water; is said to I 
soluble in water. Alcohol is soluble in water in unlimitec 
quantity. 

Ether is soluble in ten times its volume of water ; 
ether be added it will not di.ssolve, but will collect on the^ 
surface of the water. In this case the heterogeneous attractiol 
is limited. 

Oil and water have little or no heterogeneous attraction fof 
each other. 

(<■) Gases : All gases have an attraction for one another. 

Law of diffusion of gases: The heterogeneous attraf 
tion is inversely as the square roots of the densities of t 



Example: Hydrogen is 16 times lighter than oxygen, anm 
will diffuse four times more rapidly than oxygen. 

This is a wise provision of nature, as otherwise t 
dioxide, a poi.sonous gas, would collect nearest the earth, thR 
oxygen coming next and the nitrogen last ; but they becoms 
mixed in nalitre according to this law. 
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S) Solids and liquids: Water adheres to a glass rod, 
owing to the water having a heterogeneous attraction for the 
glass. Mercurj- will not adhere to the glass because it 
possesses no heterogeneous attraction for the glass. 

A liquid will dissolve a solid only when the adhesion 
between the liquid and the solid is greater tlian the cohesion 
in the solid. 

When sugar and water are mixed the heterogeneous attrac- 
tion existing between the molecules of sugar and the molecules 
of water is greater than the attraction of aggregation possessed 
by the sugar itself and, as a result, the sugar dissolves, forming 
a solution. 

Water has the greatest range of solvency of any liquid 
known. When reference is made to the solubility of a sub- 
stance, water is always understood to be the solvent, unless 
another liquid is specified. 

Some substances are soluble, others partly soluble, and some 
insoluble. 

The dissolving hquid is called a solvent, and the resulting 
liquid is called a solution. Thus, one part of the following 
compounds requires about the following quantities of water for 
solution : 



Barium sulphate about . . 
Strontium sulphate about . 
Calcium sulphate " 
Magnesium sulphate " 



. 200,()00 parts. 
. 10,000 ■' 
r>00 " 



When 1 part of a substance is soluble in 100 parts of water 
it is termed soluble. 

The dissolving of a substance is facilitated by its being in a 
finely comminuted state, as thus more surface is brought in 
contact with the dissolving agent. 

Temperature affects the solubility of a substance. With 
few exceptions, hot liquids dissolve substances more rapidly 
and in greater quantity than cold liquids. 

Lime is more soluble in cold water than in hot water, 

A saturated solution is one that holds in solution all of a 
substance that it possibly can at a given temperature. 
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When a liquid containing a solid in solution is broufjht in 1 
contact with another liquid possessing a greater heterc^cncou; 
attraction for the liquid than for the solid, the solid will separate | 
as a precipitate. 

Example : When an alcoholic solution of camphor is 
brouj;ht in contact with water, the camphor is precipitated. 

Certain organic coloring matters may be removed from 
liquids by means of animal charcoal. Alkaloids may aKo be 
separated from liquids by animal charcoal. 

Osmosis: When liquids pa.ss through a porous diaphragm 
and mix with each other, tlie diffusion is called Osmosis. To 
distinguish the two opposite currents, the flow of the liquid 
toward that which increases in volume is called Endosmosis, 
and the opposite current is called Exosmosis. 

The process of separating mixed liquids by osmosis is called 
dialysis. 

Dialysis : The gradual passage through a membrane of a 
dissolved substance from its original solution into pure water 
is called dialysis. Parchment paper is usually the membrane 
employed, and may be prepared by dipping unsized paper a 
moment in a cold mixture of one volume of water and two 
volumes of sulphuric acid, then washing it thoroughly with 
water and afterward with water containing a little ammonia, 
and drying. 

Those substances which pass through membranes are called 
crystalloids; those which do not pass through are called 
colloids. 

(c) Solids and gases : Certain solids possess so strong an 
attraction for gases that they not only draw the gases into the 
small cavities within them, but to a considerable extent 
condense them there. 

Spongy platinum absorbs (occludes) oxygen. Palladium 
occludes hydrogen. Magnesium oxide and iron filings do not 
sink when thrown on water, owing to the heterogeneous 
attraction existing between those substances and air. 

Charcoal readily absorbs gases. It is especially useful in 
removing noxious gases in hospitals or in the sick-room, and 
in absorbing noxious odors from putrid animal and vegetable 
matter. It docs not check decay, but rather hastens it. 



. «• 
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' Table of the Volume of Oases Absorbed by One Cubic Inch ol 
Charcoal. 

Ammoiiiaoal ^a^i. ...... !»0 cubic iiichc>. 

Hydrochloric acid gas, . . . f*"i " 

Hydrogen sulphide, .... 'lo 

Carbon dioxide, -I'") 

Oxygen 

Hydrogen 1,7 

(/") Liquids and gases may combine, due to: 

1. Chemical combination of a liquid and u ga», — in such 
h cases the amount of c;ieh entering; into combination is 
fdefinite, 

2. Physical combination of a liquid and a gas, due to: 

a. Nature of liquid and Ljas. 

b. Temperature of liquid and gas. 

c. Pressure of gas. 

The amount of gas a liquid will absorb is increased by 
[pressure. "Soda water" or carbonated water is simply water 
(saturated with carbon dio.xide under great pressure; when the 
I pressure is removed, a largo part of the gas escapes, producing 
[i effervescence. 

Coeffkient of Absorption of Uases by >One Vol.) Water. 



Y- 


o 


n 


N, 


COj. 


CO, 


H,s. ; so. 


NH, 


HCI, 


1 Air. 




ft.oa<» 


.1:Sw 


O-Olffl 


l.»6 
1.231 

LOW 


(KOBat 


).BTo 1 fle.sai 

3.2aa 4S.B64 1 


'™:s 


w.» 


1 D.0W7 

com 



When two or more neutral ga.ses arc brought in contact 
\ with a neutral liquid, a portion of each gas is absorbed ; but 
[ not to the same extent as either gas would be, if alone, — 
t ancc in a mixture of ga.scs there is only a partial pressure 
lof each gas. 
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Atmospheric Air in Water. 

CompdsitLQii r,f air ; say ll.-Jl '/, O -;- 0,7!!'/ N. HfiKc at n*C ] 
O = 0.21 ■ 0.0411 -- 0.(KIH(;;il vol. O absorbed. 



N = 0.7 



i(.020:i = ll 



ll):J7 



'■J 4 111 



N 

O -|- N absorbed. 



0.024li(>K;O.OOSli:ll :: I ;0.:i4il7 [iroporfiun of O absorbed. 
O.024(!(iS:l),01O0.-i7:: l:n.H.>():J '■ ■■ N 

Hence the absorbed air consisis i^f ii,:J4!i7 of O ' 0.0-jo:iofN 
whereas ordinary air " 0.21 "' " -[- 0.7)P " " 

4. CHEMICAL ATTRACTION OR FORCE 
(CHEMISMi. 

An .ittntctioTi cxisthiL; butw ll'ii tJic atoms uf certain dissim- 
ilar substances actini.; through inappreciable di.stances to form 
new compounds. 

IIoO -; SO, ^ H,SO, 
I i,sb, -f K,0 = K,SO.-; H,0 
IICI ■ NH,-3 XH,CI. 



HEAT. 

Heat is a mode of motion (molecular motion). 
1. Corpuscular theory of heat: That heated substances 
send out small particies of matter in straight lines, which, by 
their impingement, produce the sensation of heat. 

■2. Undulatory theory: That heat is yivcn off in wa\e-like 
undulations from bodie.-.. 
Sources of heat: 

1. The sun (.solar heat). 
'I. The earth (terrestrial heat), 
'■'.. Mechanical action. 
t Chemical action. 
Terrestrial heat: Observations made during two centuries 
,show that solar heat affects the temperature of the earth lo a 
depth about 88.l> feel below the surface, at which depth the 
temperature remains constant at h^.h" F. In descending 
toward the centre of the earth below the depth of »S,(i feet 
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the temperature increases about 1° F. for every 54 feet of 
depth. The rate of increase of temperature varies in different 
parts of the world. 

Mechanical action : Mechanical motion checked becomes 
heat. 

Examples; ilamnier a piece of iron and it soon becomes 
hot. Fire may be obtained by rubbing together two pieces of 
dry wood (friction). 

To heat 1 pound of water through a range of 1 ° F. requires 
the expenditure of a mechanical force equivalent to that 
produced by the falling of a body weighing 772 pounds a 
distance of 1 foot; or to heat 1 gramme of water 1" C. is 
equivalent to the mechanical force produced by a body weigh- 
ing 423.(>5 grammes falling a distance of 1 metre (about 40 
inches). 

The heat unit generally employed is the amount of heat 
I required to raise the temperature of 1 kilogramme of water 
from 0° C. to 1° C. This unit is called a calorie. 

Chemical action : Chemical action is always accompanied 
by a change of temperature. The change of temperature may 
or may not be evident. Cliemical combination may occur with 
lowering of temperature. 

Combustion : Combu^ition is chemical combination attended 
with the evolution of heat and light, (Chemical combination 
is not necessarily combustion.) 

Elementary substances may be divided into — 

1, Combustible: (Types — carbon, sulphur, hydrogen,) 

2, Supporters of combustion : (Type — oxygen.) 

3, Indifferent; Substances which are neither combustible 
i nor supporters of combustion. Most of the elements belong 

to this class. 

The quantity of heat developed in the combustion of differ- 
ent substances varies. 

1 gramme of hydrogen when burned with an adequate 
quantity of oxygen develops sufficient heat to raise the tem- 
perature of 34,402 grammes of water from 0° C. to 1 C. ii. (.. 
through a range of 1° C). 
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Table ShowinK (he Amount of Water the Temperature of which 
can be Ralaed from o° C. to i° C. by the Combustion with 
Oxyicen ot i (Iramme of Different Substances. 



Carbon, . . 
Phospliorus, 
Sulphur. . . 
Marsh gas, 
Alcohol, . . 
Kther. . . 



. S.().S() 

. 5,747 

. 2,221 

. ]3,(ifi;! 



Before combustion will take place, a ct-rt 
mvk9,\. he applied, 

Diflcrent substances require diflereiil temperatures to bring 
about combustion. 

In combustion, gaseous matter is not luminous until a 
temperature of about 2000° F. is reached. 

Solids arc red-hot at a temperature of about flOO'* F. 



EFFECTS OF HEAT. 

Temperature is the manifestation of heat : A very large 
amount of heal may be present and the substance ha\-e a very 
low tcm|jcrature, and vice versa. 

The tendency of heat is to augment ilie volume of matter 
by increasing the intemiolecular spaces. 

^d) Solids '. As a rule, all solids expand on the application 
of ho«L No two solids expuid equally. 



TaMe Showing the Exp«nskiB In Volume of Solld.£ U hen Heated 
from 31° F. to aia' F. 

t'lASS T,'o 

Platinum tt'xt 

Iron ^ 

Gold Ht 

SUvcr, lir 

l-«ad, Ht 

Mercury- j^ 



NOTES ON ClIEMtCAL LECTURES. 2T 

((i) Liquids: All liquids expand on the application oflieat, 
but no two expand equally. 

Heated from 32° F. to 212" F.— 

Mercury expands -^ of its volume. 
Water " ^ " 

Alcohol " \ •• 

Water is at its maximum density at 4" C. (39.2° F.) 

Water at 0° C, when heated tol° C, contracts and continues 
to contract until 4° C. is reached, when its volume is least. 
Heated beyond 4° C, it expands. 

(c) Gases; All gases expand equally for equal increments 
of heat. 

The actual amount of expansion is equal to j\-^ or ^^p 
of the volume of the gas for each degree Centigrade, and 
about j^Tj of the volume for each degree Fahrenheit above 
32° F. 

273 volumes of a gas at 0° C. become 274 at 1° C. 



273 
Or— 
3000 V 
3000 
3000 



jlumes of a gas at 0° C. bccoi 



275 at 2«C. 

2S9 at 10° C. 

I'SIIU at 1° C. 
3022 at 2° C. 
3170 at 10" C. 



Thermometers. 

Measurers of temperature. 

Heat is the Ivrm applied to the agent itself. 

Temperature is the manifestation of heat. 

In determining temperature, advantage is taken of the 
property of expansion of solids, liquids and gases. 

Mercury is the liquid usually cmploj-ed in thermometers, 
because of its having a great range of liquidity and of its 
regularity of expansion within certain limits. It is also very 
sensitive to heat. At high temperatures it does not expand 
equally, but its unequal expansion is nearly compensated by 
the expansion of the glass thermometer tube. 
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The first mercurial thermometer was constructed by Fahrcn-1 
heit, ill 1714. Reaumur followed in 1730 and Celsius in 1742.1 
The one constructed by the latter is also called the Centigrade 1 
{one hundred stfps) thermometer, and is employed almost J 
universally in scientific investigations, 

Fahrenheit made a mixture of two parts of ice and one of | 
salt, and believed the temperature thus obtained to be the 
lowest attainable. He introduced a glass tube containing 
mercury into this mixture, and designated the height at which 
the mercury stood in the tube as the zero point. From this 
point to the freezing point of water the mercury expanded 32 
parts in 10,000 parts. On this account he designated the 
freezing point of water by the number 32. 

The tube containing the mercury was next introduced into 
boiling water, and it was found that, from the assumed zero 
point to the boiling point of water, the mercury in the tube 
had expanded 212 parts in 10,000, and on this account the 
boiling point of water was designated by the number 212. 

There arc three systems of thermometers ; 



1. Fahrenheit, ( 

2. Reaumur, 

3. Centigrade (Celsius). . . . 



212° 

80° 
100° 



To convert degrees of one system into another. 
Fahrenheit into Centigrade; Deduct ;i2 from the tem- 
perature F.p multiply by .'J and divide by 9, 

— 32 >; 5-1-9. 
Example : 

F. 212" — 32° = 180" X 5 = yOO° -H fl = 100° C. 

Convert minus 40° F. into C. 

—40° -h —32° = —72° X 5 = —360° ^ 9 = —40° C, 

Fahrenheit into Reaumur: Deduct 32 from the tem- 
perature F., multiply by 4 and divide by 9. 

— 32 X 4 -f- 9, 



/ 
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Centigrade into Fahrenheit; Multiply the icmpuratiirc C. 
by it. divide by T) and add :i2. 

■ !) -^ 5 -L .-12. 

The stem of a mercurial thermometer should be free from 
air. Its freedom from air may be determined by inverting the 
thermomeler, and observing whether the mercury runs down 
to the end of the tube, with the production of a clicking sound. 
If the mercury will not run down to the end of the tube, it 
may be taken as evidence of the presence of air. 

The smaller the calibre of the tube containing the mercury 
the more sensitive the thermometer. 

Mercury freezes at — 4')° C. or — 11)° F. The Fahrenheit 
ami Centigrade scales do not correspond at any other point. 

Alcohol thermometers (spirit thermometer.';) are mainly 
used for determining very low temperatures. 

Air thermometers arc the most sensitive of all thermome- 
ters. These instruments are sensitive to the j-nVir ol" ^ 
degree F. 

Solids, as a bar of metal (platinum, etc.), arc employed in 
the construction of instruments for determining very high 
temperatures. Such instruments arc called pyrometers. 

Differemial thermometers arc used to determine differ- 
ences of tem|)erature between two portions of air. 

Registering thermometers are for the purpose of register- 
ing maximum and minimum temperatures. 

The clinical thermnmeter is a form of registering ther- 
mometer. 

Equalisation of Temperature. 

Hay occur in three ways : 
1. Conduction. 
'1 Convection. 
:!. Radiation. 
1. Conduction : The flow of heat through an unequally 
heated body from places of higher to places of lower tem- 
perature. 

Different bodies possess very different conducting powers 
with respect to heat. 
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(a) Solids : Copper is a good conductor, GU&s is a [ 
conductor. 

TaMe of CowlHcU>m_Bl Heat hj Solids. 

Silver IWHl Tin !45 

Copper 7% Iron lift 

Gold M2 Lead U 

Zinc 190 Bismuth.. . . 18 

(^ Ifiqolds, as a rule, are poor conductors. The water j 
contained in the upper part of a gla.ss tube may be brought to 
the boiling point white the hquid just below is of ordinary 
temperature. 

ic) Gases arc poor conductors. 

2. Convection : The transference of heat from one plat 
to another by the bodily moving of heated substances. The 
term convection is rarely applied to solids. Solids require 
some external force lo effect the conveyance; liquids and gases 
do not. 

Waaler and gases are heated by convection. In heating 
water, the lower portion in the vessel becomes lieated, expands, 
and thereby becomes less den.se than the liquid above, conse- J 
qucntly it rises, forming an upward current, while the coolei 
liquid above descends to take its pl.ice. 

:t. Radiation : The emission of heat, from a heated bodjrj 
in straight lints or rays which pass through air without into 
ruption, and become absorbed by neighboring objects whicIL 
happen to be presented to their impact. 

The power of radiation varies with different bodies. A rou^ 
surface is a better radiator than a polished surface. ColoJ 
often affects tlic power of radiation. 



TransmlsAlon of Heat. 

1. Solids; .Solids varj- in their power of transmitting hes 
Rock-salt and air are the only substances known that -anJ 
equally transparent or diathcrmous to all kinds of heat rays. ' 

2. Liquids : Water absorbs a gre.it amount of heat, and it £i 
owinj; to this fact that a moist atmosphere at a given teni-^| 
]KTiiturc seems culiicr than dry .lir at the same temperature. 
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(moisture) in the atmosphere will 
s absorbed by the air through which 



0.4 per cent of water 
absorb as much heat a 
the heat passes, 

3. Gases: Gases vary in their power of transmitting heat. 
Hydrogen absorbs the greatest amount of heat of any gas 
known. 

One-fifth of the solar heat is absorbed in passing through a 
layer of air 6<X)0 feet in thiclvness. 

The dew point: When air contains such an amount of 
vapor of water that its temperature cannot be lowered without 
some of the vapor being precipitated in the liquid form, the 
air is said to be saturated, and the temperature is called the 
dew point. 

The quantity of water which the air is capable of absorbing 
depends upon the temperature of the air Air at '^>'1° F". is 
capable of holding about ^-^ of its weight of water, and its 
capacity is doubled for about every 27° F. 

To determine the dew point, cover the mercury bulb of a 
thermometer with a piece of wet muslin or of cotton, and swing 
the instrument several minutes to and fro in the air. The 
temperature indicated by the thermometer when the mercury 
ceases to sink is the dew point. The dew point is usually 
10" C. to 15° C. below the actual temperature of the air. 

To determine the degree of saturation of the air by 
aqueous vapor: Divide the tension of the aqueous vapor at 
the dew point by the tension of the aqueous vapor at the 
observed temperature of the air. 

Thus, if the temperature of air = 20° C. 
and dew point. ^: 15° C. 

Tension of vapor at 20° C. ^= 17.391 millimetres. 
" 15° C. = 12.699 



Hence. 12.(;99 - 
bumidity. 



17.391 = 0,7.'! degree of saturation or 



CAPACITY FOR HEAT. 

Capacity for heat or specific heat: To produce equal 
degrees of temperature in equal weights of different substances, 
different amounts of heat are required. For example, it 
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reqUFCs more heat to raise the temperature of one pound 
water frooi U° C. to 1° C than to pFoduce the same change of 
temperature in the same weight of mercury-. 

The relative amount of heat required to raise equal veigfaU 
of !iutMtancca through equal degrees of temperature is call) 
Specific heat. 

Methods of determining specific heat. 

1. Obscmng the quantity of ice melted by a given we^l 
of the sub:ttance heated to a certain temperature. 

2. Noting the time which the heated body requires to cool 
down through a certain number of degrees. 

•i. Subjecting different substances to the same amount of 
heat. 

4. Mixing liquids of different temperatures and obser\-ing' 
the temperature of the mixture. 
Examples : 

(a) 1 pound of water at HWP' C. 
1 " " " 4U ° C. 

2)140 
Temperature of the mixture, TO" C. 
ih) I pound of water at 100=* C. 
1 '■ olive oil at 40" C. 
The temperature of this mixture is not the mean of fllie b 
Icmiicraturcs (10" C), but 80° C, showing that water 1 
about twice the capacity for heal that oil has. 

(r) 1 pound of water at 100° C. 
1 " mercury at 40° C. 

The temperature of this mixture is m° C. 

Freezing mixtures : 
2 p.'irl.s snow and 1 part sodium chloride reduce temp, to ^-4° K9 
2 " " " ;! parts calcium chloride " "' to — 50° i 

Specific heat of solids and liquids : Water has the grea 
ent capacity for heat of all solids and liquids. 

Ouca differ in their capacity for heat 

Hydrogen has the greatest rapacity for heal oi my know 
substance, 



of 

hu^^ 
led^H 

M 

DOI I 
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Table Showing the Specific Heat of CerUin SoHds and Liquids. 

(Water, taken as standard, IIUKI",) 

Sulidi. Liquid!. 

Charcoal, . . . 241° Alcohol, . . , 505° 

Iron, .... 11.3° Chloroform, , ii:W 

Zinc 95° Bromine. . . 1IMJ° 

Mercury. . . . 33° 
Hydrogen has the highest specific heat, oS.'Sll", 
Uranium has the lowest specific heat, 27°. 
241° of heat applied to a certain weight of charcoal will 
indicate the same increase of temperature as 1U(I0° applied to 
the same weight of water. 

LATENT HEAT. 

Latent heat is heat not manifesting itself as temperature. 
Bodies absorb a certain quantity of heat which is not indicated 
by the thermometer. 

Example ; 

1 pound of water at 0" C. 1 .-j j f . - oi. r <- 

r V =r 2 pounds of water at -JH.o C. 

1 '■ of ice ■■ 'f" C. 1 _ 2 (JO r 

1 '• of water" 79° C. J ^ 

In the latter example, a change of state has occurred. A 
certain solid, ice, is converted into a liquid. It requires 
7!t'* C. to convert ice at 0° C. into water at 0° C. /. <■-, as 
much heat has been rendered latent as would heat an equal 
weight of water from 0° to 79° C. 

Whenever a change in state of aggregation occurs, heat 
is either rendered latent or latent heat is made manifest. 

1. Solid to liquid state : A solid can ULVt-r become liquid 
until a certain amount of heat is applied, which is rendered 
latenL 

2. Liquid to gaseous state : Heat is rendered latent, as in 
the case of solids. 

Example : Water heated to boiling cannot be heated above 
100*' C. at ordinary atmospheric pressure, (at the level of the 
sea) no matter how much heal be applied. 
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A liquid boils when a vapor is produced of sufficient tc 
to overcome the attraction of aggregation and pressure upon 
the hquid. 

The density of a liquid does not control its boiling point. 
As the attraction of aggregation differs in liquids, so does the 
boiling point. 

Pressure influences the boiling point. The boihng point 
diminishes as the pressure diminishes, and increases as the 
pressure increases. 

Water boils at elevated places at a lower temperature than 
at the level of the sea. In some elevated places water boils 
at a temperature lower than that required to coagulate the 
albumin of an egg, (For example, at Quito, in Ecuador.) 

Certain salts in solution in water increase the boiling point 
because of the increase in the attraction of aggregation. 

3. Gaseous to liquid state: Before gases become liquid, 
latent heat is developed which manifests itself as temperature- 
Steam at 100° C, before it becomes vvater at llH)° C.must 

give up heat sufficient to heat 53(i.5 limes its weight of water 
from 0°C. to 1° C. This is termed the latent heat of steam. 

4. Liquid to solid state : When a liquid changes to the 
solid state a certain amount of heat is made manifest. 

Example : The slaking of lime. 

CaO + H,0 ^ Ca(OH)i. 



CHEMISTRY. 



Chemistry is the science which treats of the properties 
and laws relating to the ultimate molecules and atoms ol 
matter. 

All matter is made up of molecules, and molecules are 
made up of atoms. 

All matter as found in nature is either elementary or com- 
pound. 

Elementary matter or an element is matter in which the 
molecules are composed of atoms similar in kind, 1. 1., matter 
which cannot be resolved into anything simpler. 
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Iron, gold and hydrofjcn are examples of elementary matter. 
These substance.'! cannot be resolved into anything simpler. 
Compound matter is matter in which the molecules arc 
leomposed of atoms dissimilar in kind, i. e., matter which may 
e resolved into simpler matter. 

Water and common salt are examples of compound matter, 
ly appropriate means water may be resolved into simpler 
matter — two gases, hydrogen and oxygen, but these gases 
ing elementary forms of matter cannot be resolved into any- 
thing simpler. 

The great mass of matter is in the compound state. 
There are from li5 to 70 elementary substances known at 
3>resent. Some of these elementary substances are rare, while 
.Others are widely distributed. 

Oxygen is the most widely distributed element in nature, 
occurring in most of the mineral and vegetable structures, 
Lithium is one of the rarer elements. 

Most compound substances are composed of but a few of 
these elements. 

Elementary forms of matter or elements in chemistry arc 
represented by symbols, formed generally of the initial letter 
of the L^tin name of the element, as O = oxygen, H = 
hydrogen, Hg ^ (hydrargyrum) mercury, C = carbon, Na 
(natrium) = sodium. 

The symbol represents not only the element itself, but 
also a definite quantity of it by weight, called the atomic 
weight. It also represents the valence of the element. 

Each symbol represents one atom of the element for which 
it stands, and con.sequently expresses a definite weight and 
volume of the element. 

The weight of an atom of hydrogen is less than the weight 
of an atom of any other element. For convenience, the value 
of the symbol of hydrogen (1) is considered as unity, and the 
^■alucs of all other symbols as greater than unity. (Na = 23. 
= 35.5. = 16.) 

Chemical combination : In order to indicate combination 
between two or more elements their symbols are placed 'side by 
side, thus, HCI. hydrochloric acid; NaCl. sodium chloride. 
When a molecule of a coni[Mund contains more than one atom 
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of each or any of its constituents, the number of atoms tsl 
indicated by a small figure placed below the line and directly I 
to the right of the symbol. 

Thus, the formula for water, HjO, 
hydrogen united with one atom of oxygen, and Na^SO, means 
tliat two atoms of sodium, one atom of sulphur and four 
atoms of oxygen are bound together in sodium sulphate. 

The formula, taken as a whole, is generally assumed to 
represent a molecule of the compound. The relative weight 
of the molecule is easily found by adding together the atomic 
weights represented by the several symbols of which it is 
made up. This weight is called the molecular weight. In 
order to express two or more molecules a figure is placed at 
the beginning of the formula, and must be understood to 
multiply every symbol that follows it. For example, 3HjO 
represents three molecules of water, each consisting of two 
atoms of hydrogen with one atom of oxygen ; in all six atoms 
of hydrogen and three atoms of oxygen. Occasionally brackets 
have to be introduced when some group of symbols occurs 
more than once. Ferric sulphate, for example, has the formula 
FeXSO.),. 

The elements are divided into two classes — metals and 
non-metals. 

The metals arc electro-poaitive. 

The non-metals arc electro- negative. 

For example, when a current of electricity is passed through 
water, decomposition of the water occurs, hydrogen is evolved 
at the negative pole, and oxygen_at the positive pole; therefore 
hydrogen is termed positive and oxygen negative. 

The elements differ in their electrical intensity. Ceesium 
is the strongest nf the electro-positive elements. Oxygen 
is the strongest of tiic electro-negative elements. 



Examples of Electro- Positive Elements Arranged in the Order of 
their Electrical Intensity. 

CjEsium (strongest electro- Potassium. 

positive). Sodium. 

Rubidium. Lithium, 
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The elements arc alsn divided into firoiips according tu 
r valence "r saturating power cimiparcd with hydroycii 
inity, /. e. Monads, Diads, Triads, Tetrads, Pentads, 
Hexads, and Heptads, 

Elements having an uvun valence are termed artiads, and 
Aiose having an odd valence are termed perissads. 

The elements may be arranged in groups based on the 
increase of their atomic weights according to the Periodic I^iw 
|of Mendelejcff 

Chemical compounds are always definite in composition. 
Example: The molecule of water (H.^O) is composed of 
wo atoms of hydrogen and one atom of oxygen. The coni- 
|, position of water never varies from this. The formula H..i.) 
■.does not mean two parts by weight of hydrogen and one 
I part by weight of oxygen, but represents two parts by weight 
(twice the atomic weighl) of hydrogen in combination with 
sixteen parts by weight (once the atomic weight) of oxygen. 
The formula Na,SOj, sodium sulphate, represents twice the 
atomic weight or forty-six parts by weight of sodium in com- 
bination with once the atomic weight, or thirty-two parts by 
. weight of sulphur, and four times the atomic weight or sixty- 
\ four parts by weight of oxygen. 

Chemical combination takes place between elements because 
lof the difference in their electrical conditions. An electro- 
I positive element may combine with an electro-negative element 
I to form a compound, as Ca with O ^ Ca O. 

A strong electro -positive element may displace a weaker 
I electro-positive element, as — 

Kj + HjO = K,0 + H„ 
Land a strong electro-negative element may displace a weaker 
Jelectro-negativc element. 

Elements in the same electrical condition may enter into 
B«ombination with each other. In such a case one of the 
[elements must be stronger electrically than the other, and 
Ihus throw the weaker into the opposite electrical condition. 

Example: Negative sulphur may unite with negative oxy- 
jen to form the compound sulphurous anhydride. 
S-i a^SOi. 
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In this example the sulphur is thrown into the electrO' 
positive condition. 

In chemical combination it does not necessarily follow that 
the resulting compound is neutral. The negative or the 
positive property may predominate, or the compound may be 
neutral. 

KjO, potassium oxide, a compound having positive proper- 
ties. 

SOj, sulphuric anhydride, a compound having negative 
properties. 

MnOj, manganese dioxide, a neutral compound. 

CLASSIFICATION OP INOROANFC COMPOUNDS. 

Inorganic compounds, \*ith very few exceptions, may be 
considered as bclongin^j to one nf three classes : 
I, Oxides, fxamplc. K.O. 
II. Acids, " liCl. 

III. Salts, ■' NaCI. N.vSO,. 

I. OXIDES. 

An oxide is a biiiary compound (/, c, made up of two ele- 
ments), line of which is oxygen. 

There may be oxides of all the elements except fluorine. 

There are three groups of oxides : 

(a) Basic oxides. 

[fi) Neutral oxides. 

(f) Oxyacid radicals. 

{a) Basic oxides arc oxides of the metals in which the 
intciKsity of the positive element predominates. (All oxides of 
the metal.-* are not basic oxides.) Basic oxides turn red litmus 
paper blue. 

{h) Neutral oxides are oxides in which the elements just 
nciitrali/c each other. There arc neutral oxides of the non- 
molalljc clcmentK and of the metals. 

((-) Oxyacid radicals are oxides of the non-metallic ele- 
ment.'* (except 11 and l'"l) and higher oxides of weaker electro- 
positive nietiiK, Hydriited oxyacid radicals change blue litmus 
paper red. 
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A radical is a chemical combination of two or more ele- 
lents capable of playing the part of an elementary form of 
tnatter. 

{a) Basic oxides follow one or other of five forms : 

1. Ttwo atoms of the metal with one of oxyj^L-n. called 
suboxide, as, KkO. NsjO. AgjO, etc. 

2. One atom of the metal with one of oxygen, called pro- 
toxide, as. CaO. BaO. CuO. etc. 

3. Two atoms of the metal with three of oxygen, called 
■esquioxide, as, FcjOj. AlaO,, CrjO,, etc. 

4. One atom of the metal with two atoms of oxygen, 
lallcd binoxide. as, PbO^. IrO.^, PtO„ etc. They are feebly 

basic and sometimes act as acid radicals. 

One atom of the melal with three atoms of oxygen. 
Called trioxide, as, UrOj, 

{b) Neutral oxides may be oxides of the metals or of the 
-metals. They do not change litmus. 
Examples : 

HjO, CO, MnO„ PbOr 

(it) Oxyactd radicals are mostly oxides of the non-metals. 
Only a few are oxides of the metals. There may be several 
oxyacid radicals of the same element. They are usually called 
anhydrides. They combine with the elements of water to 
form oxyacids. 

The name of an oxyacid radical is determined by the posi- 
tive element, and the members of a group composed of the 
game elements are distinguished by the difference in the 
'terminations of the name of the individual members of the 
igroup. 

The name of the most stable compound of the group 
terminates in ic. The compound containing less oxygen in 
>{>roportion to the positive than the compound terminating in 
ic, terminates in ous. The compound under the ous com- 
[pound in the proportion of oxygen, is prefixed by hypo and 
terminates in ous. The compound above the ic compound 

the proportion of oxygen, is prefixed by hyper and tcrmi- 
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Example 


^^1 


Anhydrides 


of Sulphur: ^^H 


SO, 


Hyposulphurous anhydride or oxide. (Has^^H 




never been i'^olated.) ^^H 


SO,. 


Sulphurous ^^H 


so,, 


Sulphuric ' ^^1 


SA, 


Hypersulphuric ^^^| 


Anhydrides 


of Chlorine: ^^H 


Cl.O, 


Hypochlorous anhydride or oxide. ■ 


CIA. 


Chlorous " " 1 


CIA. 


Chloric 1 


CIA- 


Hyperchloric " " 1 


Anhydrides of Nitrogen : | 


N,0. 


HyponiCrous anhydride or oxide. 


NA. 


Nitrous 


NA. 


Nitric 


Anhydrides 


of Phosphorus: 


KO, 


Hypophosphorous anhj-dride or oxide. 


p.,o,. 


Phosphorous 


P.D,. 


Phosphoric 


Anhydrides 


of Arsenic : 


AsA. 


Arsenious anhydride. 


As,0„ 


Arsenic 


Anhydrides 


of Chromium : 


CrO,. 


Chromic anhydride or oxide. 


Cr,0;. 


Hyperchroniic " 


Anhydrides 


of Tin : 


SnO„ 


Stannic anhydride or oxide. 


SnjO,„. 


Meta-stannic " 


11. ACIDS. 1 


An acid 


s- a chemical compound capable of uniting with 


and iicutraliz 


ins '■» base. 


All acids contain hydrogen. | 


Acids ma 


' be divided into two claeses ; 1 


1. Hydrogen acids. 


•2. Oxyacids. 
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1. A hydrogen acid is a binary compound containing 
hydrogen in combination with one of the following electro- 
negative elements, viz., CI, I, Br, Fl, S, Se, Te, and As, 
Sb, P. 

They may be named by giving the name of the electro- 
positive element first, as HCl, hydrochloric acid, or by revers- 
ing and giving the name of the electro-negative element first, 
as HCl, chlorhydric acid. The names of all hydrogen acids 
terminate in ic, but all acids terminating in ic are not neces- 
sarily hydrogen acids. 



Examples. 
Monivalent : 

HCl, 
HBr, 
HI, 
HFl, 



Hydrochloric acid. 
Hydrobromic 
Hydriodic 
Hydrofluoric 



<< 



«( 



(« 



Divalent : 

HjS, 

HgSe, 

H^Te, 

Trivalent : 



Hydrosulphuric acid. 

Hydroselenic 

Hydrotelluric 



(( 



<i 



HjAs, Hydrogen arsenide. (Arsenu retted hydrogen.) 
HjSb, Hydrogen antimonide. (Antimonuretted " ) 
H3P, Hydrogen phosphide. (Phosphorettcd " ) 



2. An oxyacid is a hydrate of an oxyacid radical. All 
o.xyacids contain oxygen. 

Examples : 

Oxyacids of Sulphur, in which one molecule of the oxy- 
acid radical enters into combination with one molecule of 
water to form one molecule of acid. 



SO 

SO2 

SO3 

SA 



A 



+ H.O = 



HjSOj, Hyposulphurous acid. 

H2SO3, Sulphurous 

H2SO4, Sulphuric 

^28205^, Hypersulphuric 



(< 



i( 



n 
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Oxyacids of Chlorine, in which one molecule of ih^ 
oxyacid radical enters into combination with one molecule o 
water to form two molecules of acid. 

Ct,0 ] fSHClO, Hypochlorousacid. 

Cl,0, I ,u,i_ I 2HC10,, Chlorous 

CIA ' '^ - j 'JHCIO,, Chloric 

CUO, ) [ 2HC!0„ Hyperchloric " 

Oxyacids of Nitrogen, in which one molecule of the oxy-| 

acid radicalenters into combination with one molecule of waterj 

to form two molecules of acid. 

N,0 \ ( 2HN0, Hyponitrous acid. 

NA ■■ + H,0-^ ^ 2HN0j. Nitrous 
NA -* I- 2HN0„ Nitric " 

Oxyacids of Phosphorus, in which one molecule of the! 

oxyacid radical enters into combination with three molecules I 

of water to, form two molecules of acid. 

PjO ■) ( 2H3PO1, Hypophosphorous acidJ 

PA ' -i- SH.O = 2H,P0„ Phosphorous 
PA i ^ 2H3PO,. Phosphoric 

Oxyacids of Arsenic, in which one molecule of the oxy-^J 
acid radical enters into combination with three molecules 
water to form two molecules of acid. 

As,0, \ _i_ -jH O — "^ 2H,AsO,. Arsenious acii 
AsA I I 2H,AsO.. Arsenic acid. 

III. SALTS. 

A salt is a compound produced by replacing part or all of ■ 
the hydrogen of an acid by a metal. 

Salts may be arranged in three groups : 

1. Simple salts. 

2. Oxysalts (compound salts"!, 

3. Double salts, 
(fl) A simple salt is a binary compound in which I 

hydrogen of one or more molecules of a hydrogen acid hat 
been replaced bj- a metal. 
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8. AsjS,, KjS.,, i'. f., two atoms of tlie positive element 

in combination with five atoms of the 
negative element, generally called penta 
compounds. Example: Dipotassic 
pentasulphide. 

9. FeXI(, AljCIfi, i.e., two atoms of the positive element 

in combination with six atoms of the 
negative element, generally called ses- 
qui compounds. 
10. WoCl,;. hexa-salt, i. c, one atom of the positive 

element in combination with six atoms 
of the negative element. 
{d) An oxysalt is a compound resulting from the replace- 
ment of part or all of the hydrogen in an oxyacid by a metal. 

Example : 

1. HjSO. + KOH ^ KHSO, -f H,0. 
•2. H,SO. + 2K0H = K,SO, + 2H,0. 

In naming oxysalts the name of the positive element 
precedes the name of the negative. The name of the com- 
pound may have the prefix hyper, or hypo, and may termi- 
nate in ate or ite depending on the particular compound 
named. 

1. Oxyacids terminating in ic entering into combination 
with bases, form salts terminating in ate. 



Example : 

Sulphuric Aciil. 

H,SO, + 2K0H 



[••iluiD Sutphali 



2, Oxyacids terminating in ous entering into combination 
with bases form salts terminating in ite. 



H,SO, 



2K0H 



K,SO, + 2HjO. 



S. Oxyacids having the prefix hyper and terminating in ic, 
entering into combination with bases, form salts having the 
prefix hyper and terminating in ate. 
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Example : 

Hyperchloric Acid. Potauium Hyperchlorate. 

HCIO, -f- KOH = KCIO, -f HA 

4. Oxyacids having the prefix hypo and terminating in ous, 
entering into combination with bases, form salts having the 
prefix hypo and terminating in ite. 

Example : 

Hyposulphuroua Acid. Potassium Hyposulphite. 

H2SO2 + 2KOH = K2SO, + 2H2O. 
Naming of other salts : 

K^O.CrOj. = KoCrO^, Potassium mono-chromate. 
K20(Cr03)2 = KaCrjOy, Potassium di-chromate. 
K20(Cr03)3 = K2Cr30n„ Potassium tri-chromate. 
K20(Cr03)4 = K2CrjO,3, Potassium tetra-chromate. 
(CaO)3P20j = Ca3(P04)2, Calcium tribasic phosphate. 

(f) A double salt is a combination of two salts. 
There are three classes of double salts : 

1. Resulting from the union of two simple salts. 

Example : 

(KCl)2,PtCl4, potassium platinic chloride. 

2. Resulting from the union of two oxysalts. 

Example : 

K2S04,Al2(S04)3 = K2Al2(S04)4, potassium aluminic sul- 
phate. (Potash alum.) 

3. Resulting from the union of a simple salt with an 
oxysalt. 

Example : 

CaClj.CaClaOg = 2CaCl20, calcium hypochlorite. (Bleach- 
ing lime.) 

Laws Relatins: to Chemical Combination. 

I. All chemical compounds are definite in their nature, 
and the ratio, by weight, of the elements composing a com- 
pound is constant. 
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Example: Water is composed of 

Hydrogen, 11.11 percent. 

O-tygen, 8S,89 

Too.oo 

This being established, then water mast always be of that 
percentage composition, 

The same elements, however, may unite in the same relative 
proportions by weight and produce entirely different com- 
pounds: /. €., differing in their physical, chemical and physio- 
logical properties. Such compounds are termed isomeric. 

Example : Oil of turpentine, oil of lemon and oil of copaiba 
are composed of the same elements in the same relative pro- 
portion by weight, namely, all three are composed of carbon 
and hydrogen in the proportion of S8.24 per cent, carbon and 
n.7('> per cent, hydrogen. 

II. If an element enters into chemical combination with 
another in more than one proportion, these proportions will 
bear a definite ratio to each other. 

Examples : 

W^ur. HydrngEnPcroiidc. CirboD Monsiidc. Clibon Dioiidi. 

C :i H 



H 1 

o s 



ii; 



4 



N 7 7 7 7 7 
O 4 S 12 16 20 



100 
17,75 



100 
35.5 



C 75 (6) 85,7 (6) 
H 25(2) 14.3(1) 
Until 1804, compounds were expressed by their percentage 
composition. 



Example : 



H = 



11.11 per cent. 



100,00 

Dalton, in 1804, observed the relation of the elements in 
the proportion of J and \ in methane and ethene respectively, , 
and concluded that it was proof of the existence of atoms, J 
This was the beginning of the atomic theory. 

III. Dalton'a Law: The proportion by weight in which | 
two or more elements enter into combination with any given i 
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IBnent, represents the proportion by weight in which these 
dements will unite in case they combine among ihemselves, 

Tliese combining; proportions by weight of the elements are 
called equivalent weights. 

Thus, the weights of two different elements, A and B, which 
combine with a third, C, represent the proportions in which 
they will themselves unite if union between them is possible, 
or they bear some simple relation to those proportions. 
Thus. 35.0 parts of chlorine and J^0 parts of bromine com- 
bine with 23 parts of sodium. Then, according to the law, 
if chlorine could combine with bromine, 35.5 parts of the 
chlorine would be required for every 80 parts of the 
bromine. 

IV. Gay-Lussac's Law : All the elements capable of being 
vaporized, when taken in the proportion of their equivalent 
weights, will occupy in the gaseous state the same volume as 
I part by weight of hydrogen, or \ that volume. Sulphur, 
which is an exception, occupies in the gaseous state only \ the 
volume of hydrogen, but when heated to 1000° C, it expands 
and occupies J the volume of hydrogen. 

The law refers to chemical combination occurring in as 
definite proportions by volume as by weight. 



1 gnn 


hydrogen 


^ 11.10 lit 


14 g-nns 


nitrogen 


^11. 1« ■ 


.■S5..5 " 


chlorine 


= 11.10 ■ 


80 ■■ 


bromine 


= 11.10 • 


27 " 


iodine 


= 11.10 ■ 


00 '■ 


mercury 


= 1110 ■ 


56 " 


cadmium 


= 11.10 ■ 


8 '■ 


oxygen 


= o.oa ■ 


31 » 


phosphoru 


s = j.5« * 


75 " 


arsenic 


= 0.58 ■ 


16 ■■ 


sulphur 


= 1.80 ■ 


M ■' 


" « i™w° 


.= 5.-58 ' 



equivalent volume 1. 



equivalent volume }. 
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. Volume Occupied by Compounds In the OaseouA SUte. 

f 9 grms. water = 11,16 litres, j 



weight. 



ilecular- 36.') 
t 17 



weight. 



hydrogen sulphide . 
carbon dioxide , . 
ethyl ether . . . . 

alcohol 

hydrochloric acid . 
animoniaca! gas . . 



n.i6 

= 11.16 
= U.ltJ 
= 22.32 
^ 22.32 
— 22.32 



Relation of the Elements to Specific Heat. 

Water has the greatest capacity' for heat of all solids and 
liquids. Hydrogen has the greatest capacity for heat of all 
known substances. Uranium has the lowest capacity for heat 
of all known substances. 

When the elements in the proportion of their equivalent 
weights are multiplied by their specific heat a simple relation 
will be shown to exist between them. The result of the 
multiplication is approximately 6.4 or one-half that number. 

Thus, water taken as standard, 1. 



S|;ccl<ic 



.'.igh.. 



Lithium, 0.940 X 7 = 6.ft8 

Sodium 0.293 X 23 = 6.75 

Potassium 0.169 X 3(1 = 6.61 

Arsenic 0.081 X 76 = 6.11 

Phosphorus, .... 0.212 X 31 = 6.57 

Mercury 0.032 X 100 = 3.20 

Cadmium 0067 X 56 = 3,20 

Iron 0.113 X 28 = 3.18 

Uranium 0,027 X 240 = 6.*iO 

Uranium has the highest equivalent weight and the lowest 
specific heat of all the elements. 

Equivalent wreight is the least proportion by weight in 
which an element wil! enter into chemical combination with 
one part by weight of hydrogen. 

Examples : 8 parts, by weight, of oxygen will enter into 
combination with 1 part, by weight, of hydrogen. 

11)0' parts, by weight, of mercury, will enter into combina- 
tion with 8 parts, by weight, of oxygen. 



t 
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1- Atomic weight according to specific gravity. 

The atomic weight of an element is its specific gravity in 
the gaseous state compared with hydrogen, with the exception 
of mercury and cadmium, in which the atomic weight is twice 
the specific gravity, and phosphorus and arsenic, in which the 
atomic weight is one-half the specific gravity. 

Examples : 



Hydrogen, spec. grav. 
Nitrogen, " " 



— 1. 
= 14, 



Iodine, 



Oxygen. 



Mercury, 
Cadmium, 
Phosphorus 

Arsenic, 



The atom of nitrogen weighs 
14 times more than the 
atom of hydrogen. 
1 27, The atom of iodine weighs 
127 times more than the 
atom of hydrogen. 

10. The atom of oxygen weighs 
IG times more than the 
atom of hydrogen, 

IfK), atomic weight = 200. 

m " ■' ^112. 

G2 ■■ ■' =31, 

1.50 ■' •' ^ 75. 

2. Atomic weight according to specific heat or capacity 
for heat. 

The atomic weight of an element is that proportion by 
weight in which it is normal in regard to its capacity for heat. 
This definition has no exceptions. 

By capacity for heat of an element, is understood the 
quantitj' of heat necessary to raise the temperature of a given 
weight of the element from 0° to 1° C. compared with the 
amount of heat necessary to increase the temperature of an 
equal weight of hydrogen through the same range. That 
jjart by weight of any element which will absorb the same 
amount of heat as will be absorbed by one part by weight 
of hydrogen. 

Thus, since it requires Hi times more heat to raise the tem- 
perature of one gramme of hydrogen from 0° to 1° C. than 
lo heat an equal weight (1 gramme) of oxygen through the 
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same range, it foilows that the capacity for heat of hydrogen 
is 16 times greater than that of oxygen : or. in other words, 
that the capacity for heat of oxygen is only -^ that of 
hydrogen. 

The proportion by weight in which an element is said to 
be normal in its capacity for heat, is that proportion by 
weight in which, on the application of a given amount of heat, 
the temperature will be increased to just the same extent as 
that produced by the same quantity of heat when applied to 
the healing of one port by weight of hydrogen. 

Thus, if 111 parts by weight of oxygen and one part by 
weight of hydrogen be separately exposed to equal amounts 
of heat, the temperature of both substances will be increased 
equally; hence, IG is the proportion by weight (H =^ 1) in 
which oxygen is normal in its capacity for heat. 

Z. The atomic weight of an element is represented by that 
number which, when multiplied by the element's capacit)' for 
heat, will give a product of about 6.4. (See page 48.) 

The atomic volume of an element is the volume of an 
element in the gaseous state, when taken in the proportion of 
its atomic weight, compared with the volume of one part by 
weight of hydrogen. 

The atomic volume of all elements is 1, except mercury and 
cadmium, which is '2, and phosphorus and arsenic, which is \. 



Examples : 

1 gmi. H =^ 11.16 litres, atomic v 
14 gmis. N = 11.10 •■ 
Iti " = 1M() ■ 



>lume = 1. 
= 1. 



The molecular wreight of an element or of a compound is 
a quantity by n eight of the clement, or compound, twice its 
specific gravitj- in the gaseous state compared with hydrogen. 

Examples. 

Elements : The specific gra\Hty of N, in the gaseous state. 
compared with H U 14, Twice 14 = 28. the molecular weight 
of N. 

The specific gTa\-ity of O, in ihe gaseous state, c 
with H i:< 16. TttHce 16 = :12, the molecular weight of O. , 
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The specific j^ravity of Hg, in the gaseous state, compared 
with H is 100. Twice 100 = 200, the molecular weight of 
Hg (also the atomic weight). 

The specific gravity of As, in the gaseous state, compared 
with II is 150. Twice 150 = 300, the molecular wx^ight of As. 

Examples. 

Compounds : The specific gravity of water, in the gaseous 
state, compared with II is \). Twic* I) = 18, the molecular 
weight of HoO. 

The specific gravity of carbon dioxide, in the gaseous state, 
compared with H is 22. Twice 22 = 44, the molecular weight 
of CO^. 

The specific gravity of acetic acid, in the gaseous state, com- 
pared with II is :iO. Twice 30 = 60, the molecular weight of 

C.>H.O.>. 

•" * •> 

It follows, therefore, that the molecular weight of an 
element or of a compound in the gaseous state occupies 
twice the volume occupied by one part by weight of lu'dro- 
gen. This is known as the molecular volume of an clement 
or of a compound. 

Thus, 

1 grm. hydrogen occupies 11.16 litres, atomic vol. 

2 grms. ** occupy 22.32 " molecular ** 
28 " nitrogen " 22.32 " 

71 '* chlorine " 22.32 " 

IS " water *' 22.32 

44 " carbon dioxide " 22.32 

34 " hydrogen peroxide '* 22.32 " 

The molecular volume of an element or of a compound is 
a volume of the element or compound in the gaseous state 
twice the volume of the atom of hydrogen. 

The molecular volume of elements and of compounds is 2. 

Eqiiiv. Wt. At. Wt. Molec. Wt. At. Vol. Molec. Vol. 



it t< 



(• (( t* 



H - 1 


1 


2 


1 


2 


O = .S 


KJ 


32 


1 


2 


N — 14 


14 


28 


1 


2 


H}r — 100 


200 


200 


2 


2 


As — 70 


7o 


:){){) 


1 


2 
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VALENCE (Atomicity, Quanti valence, Equtvateace). 
Tlic L-lenicnts combining in the proixtrtion of iheir atomic 
wtii;ht possess different saturating ixiwers. The saturating 
power is referred to hydrt^cn as unity. 
Examples : 

HCl + Na = NaCl + H. 
Tlif saturating power of Na is equivalent to one atom of H. 

2HC1 + Ca = CaCl, + H^ 
The saturating power of Ca is equivalent to two atoms of H, 

:iHCl + Au = AuClj + H,. 
The saturating power of Au is equivalent to three atoms of H. 

4HCI -i- Pt = PlCI, + H,. 
The saturating power of Pt is equi^-iilent to four atoms of H. 
The elements are arnuiged. according to their saturating 
power, into six groups : 

Monads, as H. Na, Ag, 

Diads, " O, Ba. Sr. 

Triads, " Bi. Sb, N. 

Tetrads. " C. Sii. Pi. 

Pentads, " Ta, \*. 

He-vads, " Ur. Mo. 

Tho,se elements having 

termed artiads, and those h. 

are leniitd perissads. 

The combining proportion of a compound is always equal 
to the sum of ibc atomic weights of its molecular constituents. 
Example : 

Molecular weight of H^O = I«. 
When u'ater enters into combination, it docs so alwa>'s in 
the proportion of its molecular weight or a multiple or sub- 
multipte of that number. 
Na,0 = ti2 moles:, wt. \ 

^ electro- pos)ti\-e comimunds. 



■ Ta, 

' Ur. 

1 even valence, as 2. 4, 6, arc 

ing an uneven valence, as 1, 3, 5" 



= 4)» 



MgO 

FcO = -i ' 
HCl -3«.i> ' 
CO, 44 
H^O. - 9J< 



1. 



lectro-ncgativc compounds. 
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Tht:se numbers arc made use of in calculating the quantity 
of different substances required in preparing exact quantities 
of chemical compounds. 

Examples : 



Na,0 



CO, 



NaXO,. 

(i2 parts of Na.O and 44 parts of COj are required to form 
106 parts of NaXO.,. 



FeO -r H.SO, = FeSO, + H,0. 

To prepare ferrous sulphate, FeSO., 72 parts, by weight, of 
FcO and 98 parts, by weight, of H^SO, are required to pro- 
duce loii parts of the sulphate. If an excess of tlje acid be 
employed, another compound of iron, ferric sulphate, Fei(SOJj 
will be formed. 

Twice the molecular weight, or 73 parts, by weight, of HCl 
are equivalent in saturating power to 98 parts, by weight, of 
HjSO,. Therefore, a given weight of a chloride may contain 
more of the positive element than the .same weight of a sul- 
phate of the same positive element. 

Example : 10 grammes of strychnine chloride contain more 
strychnine than 10 grammes of strj-chnine sulphate. Thus, 
10 grammes of the chloride, CjiH^NjOj HCl, contain 9.01 
grammes of strj-chnine, while 10 grammes of the sulphate, 
(Cj|HjjN,0)); HjSO„7HjO, contain 7.48 grammes strychnine. 



tlolR. Wl. 

chalne SiilphaK 
8JI2 



METHODS OF ANALYSIS OF INOROAINIC COMPOUNDS. AND 

THE EXPRESSION OF THEIR COMPOSITION 

BY FORM U L/C. 

Analysis — (if) Qualitative: The determination of the ele- 
ments entering into the composition of the compound. 

\f>) Quantitative : The determination of the quantity of 
each element entering into the composition of the compound. 



C4 XOTES ON CHEMiCAL LECTURES. 

Method of deducing formulae from the results of a 
quantitative analysis : I . Suppose, by qualitative analysis, a 
Cfrtain compound is found to be composed of Fe and SO,. 

A given weight of the compound is dissolved in water, and \ 
the iron precipitated by (NHj),S as sulphide, FeS, which is , 
collected on a filter, washed, dried and weighed. The sul- 
phuric acid ill the filtrate is precipitated by BaCl, as BaSO,, 
which latter is also collected on a filter, washed, dried and 
weighed. 

Then, 

Molw. Wt FaS. AlOQiic Wl, Fc. 



quantity of Fe. 

And 

UdIh. W< BaSO, Molx. V 



of prec. of FeS 



= the 



wt. of prec, of BaSO, : 
quantity of SO,. 

2. To deduce a formula from the above results, employ the 
following rule: 

As the quantity of the positive element or radical is to the 
quantitj- of the negative element or radical, so is the atomic 
weight or the molecular weight of the positive clement or 
radical to x ^ the quantity- of the negative element or radical. 
Divide x by the atomic weight of the clement or the molecular 
weight of the compound implied. 
Examples : 
{«) 10 parts of a substance furnished. 

Fe, 3.684 parts. 

SO 6.316 " 



Then, 

AwBic Wl. Ft HrlK. Wl. SO^ 

3.684 : 6.316 :: 56 : 96 -s- 96 = 1 (SOJ, 
1 1., there are in combination with 56 parts of iron (once the 
atomic weight of Fe) 96 parts of SO, (once the molecular 
weight of SO,), therefore the formula for the compound is 
FcSO,, ferrous sulphate. 
(S) 10 parts of a substance furnished. 

Fe 2.8 p.irt,s. 

SO„ :.-' 
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Then, 

Atomic Wt. Fc. Molec. Wt. SO*. 

2.S : 7.2 :: 56 : 144 -'.- 96 = 1.5 (SO,), 

/. «'.. there are in combination with 56 parts of iron (once the 
atomic weight of Fe) one and one half times the molecular 
weight of SO4. As a half molecule is not admissible, the 
formula must be Fe2(S04)3, ferric sulphate. 

(r) 053 parts of a substance containing water of crystalliza- 
tion furnished. 

NaoO 206 parts. 1 _ qtq .. Molecular wt. of Na^O :^ 62. 
.^ ^-v - _ .■ — oOo parts. 

CO, 147 *• j * 

H,6 600 ** " " CO, = 44. 

Then, 

.Molec. Wt. Na-O. Molcc. Wt. COj. 

206 : 147 :: 62 : 44.2 -- 44 = 1 (CO,), 
therefore the formula is NajCOj, and 

Quant. H2O. Molec. Wt. Na-.-COg. Molec. Wt. H.^O. 

:l5;i : 600 :: 106 : 180.1 -^ 18 = 10 (11,0), 

/. t'., for one molecule of Na.,C03 there are 10 molecules of 
H,0, therefore the formula of the compound is Na^COj + 
lOHoO, .sodium carbonate. 

Miscellaneous Examples in Stoichiometry. 

1. How much Fe in 10 grammes FeS? 

Molec. Wt. FeS. Atomic Wt. Fc. 

88 : 56 :: 10 : x =^ quantity of Fe. 

2. How much sulphide of iron (FeS) may be prepared from 
10 grammes Fe ? 

Atomic Wt. Fe. Molec. Wt. FcS. 

56 : 88 :: 10 : ,v = quantity of FeS. 

3. How much n,S by volume may be obtained from 10 
grammes FeS ? 

88 grammes FeS (once molecular weight) will furnish 22.32 
litres of HjS. 

FeS H- 1 1 >SO, -- FeSO, -; I I,S. 

88 : 22.32:: 10 : x ^--. quantity by volume of H,S. 
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. Ho' 



Kmmmes FeS ? 

88 grammes FeS (oi 
grammes of H^. 



ich n,S by weight may be obtained from JP 



■ molecular weight) will furnish 34 



5. How much r 
grammes KCIO,? 



lo ; ,r= qu.-mtity by weight of H.S. ^B 
xygfii by volume maj- be obtained from 20 

KCIO, = KCI -'- O,. _ 

Molecular weight of KCIO, = 122.6. ^| 

Atomic wciuhl of O ^ 16. ^| 

One molecule of KClOj will furnish three atoms of O. 
Once the atomic weight (16) of oxj'^en in grrunmes will 
^occupy 11.16 litres. 

3X 11.16 "^ ^-48 litres, consequently one molecule, in 

grammes (133.6 grammes.) KCK), will furnish 33.4?* litres 

or aS^JtO c.i;, o.xygen. 

laifi : S34.tO :: 30 ; j- ^ number of c.c. ox>gcn furnished. 

6l How mitch hj-^rogeu sulphide by volume will be 
qiHml to prcciiittAtv 13 grammes As,0, as As^? 

A-sOk T 3H^ = As^ -r SHA 

TV molccuUr wneieht of A%Q| is I!Ml. 
" iif H^ is 34. 

Three mt^lcx'utes <4 Ufi are pcqvired to prcctpit^e 
WKiWutc i^ As,tV 

1 WK>)«cut<f, e\pre»)eil in giMMmes; or 34 gnrnmes of H^ 
Mt«»»itvs 23.33 litKs; 3 molec^es = 3 X 2131 = «S.M Ihr^ 

)W : fi>!Ml> :c It ; X = wrfjti tiT u. H^ reqoired. 

T Uo» mwA h>>AKVC« SM^iknAc ft>r ««^$>t sA be reqmrcd 
Mk ptTS^VlikMr IS STHMMMS oS A^C^ *$ As^? 

AV\^*W.S«As^^3HA 



I 






» 
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Three riiolecules of H^ are rtquired to precipitate one 
molecule of AsjOj. consequently 3 X 34 — 102 grammes HjS 
£t.re required to precipitate I'JS grammes AsjOj. 

198 : 102 :: 12 : j-= quantity by weight-of H,S. 

8. How much AsjOj are 15 grammes AsjSj equal to ? 

Mal«. Wl. U«1cc. Wi. 

246 : 198 :: 15 : ^ ^ quanlity by weight of AsjO^. 

OXVQEN. 

Symbol, O; atomic weight, 16; atomic volume, 1; mole- 
c: ular weight, 32 ; molecular volume, 2 ; equivalent weight, 8 ; 
s-pecific gravity compared with air, 1.1056; 16 grammes 
c*xygen at 0° C. and 760 millimclrbs measure the same volume 
^i-s 1 gramme hydrogen, namely, 11.16 litres; 1 litre at 0° C, 
^nd 760 millimetres weighs 1.4;t3 grammes ; 100 cubic inches 
^^.t 60° F. and 30 inches pressure weigh 34.27 grains; 16 
E^niins measure 46.66 cubic inches. 

History: Discovered August 1, 1774, by Priestley, who 
stalled it " Dephlogisticaled air." In 1775 Scheele, of Sweden, 
i xidependently of Priestley, discovered it, and called it "' Empy- 
»-eal air." Condorcet studied it in 1777, and named it '■ Vital 
Lavoisier in 1778 named it oxygen, or acjd-begetter, 
ticcause of his belief of its entering into the composition of all 
acids and constituting their acidifying principle. 

Natural history; Oxygen is the most abundant and most 
I 'x\'idely distributed of all the elements. Except in atmospheric 
air, it is always found in a combined state. 

It is found in the three kingdoms: mineral, vegetable and 
^imal. 

Nearly % of all terrestrial matter is oxygen. 
About \ of the solid crust of the earth is oxygen, 

t\ of water is oxygen. 
\ by volume of the air is oxygen. 
48 per cent, of calcium carbonate, CaCOj (limestone), about 
48 per cent, nf aluminic oxide, AI^O, (clay), and about 53 per 



i 
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ccni. of silica (SiOj), (the three chief constituents of the eartb'j 
crust), is oxygen. 

About \ of all growing vegetable matter is water, \ of whichi 
is oxygen. 

It is a constituent of organic compounds, as glucose, QH^Oj, 
starch, QH,A. urea, CO(NH0„ etc. 

All organic compounds do not contain oxygen; probably 
the great majority of them contain oxygen. 

About 75 per cent, of the tissues of living animals Is water, 
\ of which is oxygen. 

Preparation of oxygen : 1. It was first obtained (by Priest- 
ley) by heating, and thereby decomposing, mercuric oxide, 
HgO (red oxide of mercury-), into its ultimate elements, mer- 
cury and oxygen. The oxygen is evolved as a gas, and the 
niercun* remains In the nielalllc state: 

IlgO = Hi; + 0. I 

Mow much oxygen by weight may be obtained from — for 
example, 15 grammes of HgO? 

The molecular weight of HgO is 21ti. 

Kvcry 21tJ parts of HgO will evolve Itj |>arts of O: 

UotK. Wi, HtO. Atcnic Wi. O. 

21(i ]6 :: l.'. x^ weight of O. 

How much ox>-gen b>- volume may be obtained from — for 
example, 15 grammes HgO? 

Evcrj- 'ilO grammes of HgO will evolve 16 grammes oxygen. 
16 grammes oxygen measure 11.16 litres (II160 c.c). 

HoIk. Wt- HcOl CiAk CsdBHiB. 

316 16 :: 11116 .r = volume of O. 

2. By decomposing manganese dioxide, MnOj, by heat. 
2MnO, = MnjO, -)- O, 
or 9X higher temperaiure. 

3MnO, = Mn,0, -f- O^ 

a. By heating manganese dioxkie. MnOi, wth sulphunc 
arid. 

MnO, T H^. = MnSO, J- H.O - O. 



% 
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4. By gently heating potassium bichromate, KXfjO;, with 
sulphuric acid. 

KaCrX), - 4H2SO, =- K,SO, Cr,(SO03 - 4II,0 -\- O3. 

5. By heating potassium chlorate, KCIO3. The KCIO3 
before being heated is usually mixed with an inert sub- 
stance, as MnOo, to moderate the violence of decomposition of 
the chlorate. The decomposition is effected in a copper or an 
iron retort. 

2KCIO3 = KCIO, - KCl -Oo. 

At a higher temperature, the potassium perchlorate, KClOi, 
is decomposed. 

KC10»--KC1 - O,. 

The reaction is usually expressed, 

KC103-:KC1-;- O3. 

G. By heating potassium nitrate, 

Puiass. Nitrite, 

KNO3 = KXOo - O. 

If the KNO3 be heated at a high temperature the KNOj 
produced is decomposed, with the evolution of nitrogen and 
oxygen. 

7. By bringing sulphuric acid in contact with metallic plati- 
num at a high temperature. 

H,SO, -: H.O -i- SO, -r O. 

8. By heating barium dioxide, BaO, (peroxide). 

Barium monoxide, BaO, when gently heated in the presence 
of air, takes up oxygen, with the formation of barium dioxide, 
BaOj. The latter compound when strongly heated gives up 
one atom of oxygen. 

BaOj = BaO -\- O. 

By gently heating (in contact with air) the barium monoxide, 
BaO, produced as an end product in the foregoing reaction, 
it takes up oxygen again, forming barium dioxide, BaO,, which 
when strongly heated gives up oxygen, as in the reaction just 
given, thus making the preparation of oxygen by this method 
practically continuous. 

8 
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0. Pure oxygen maj- be obtained by ihe electrol)tic c 
position of HjO. 

By the action of leaves of plants in sunlight on carbon 
dioxide, the carbon is fixed, and oxygen is set free. 

Properties; It is a colorless, odorless, tasteless gas. 
Density, 1(3 times that of hydrogen. Sparingly soluble in 
Avater. Water will hold in solution 3 to 4 per cent, of oxygen. 
The lower the temperature of water, the higher its solvent 
power for oxygen, and the higher the temperature, the lower 
its solvent power for the gas. 

Jt was liquefied by Pictet. in 1877, by exposing it to a tem- 
perature of — 100° C and a pressure of 300 atmospheres. 
Afterward it was found that it would become liquid at — 118* 
C. and a pressure of 50 atmospheres. Oxygen boils at a 
temperature of — 225° C. 

Oxj'gcn is a supporter of combustion, but not combustible. 
Examines: A spark brought into an atmosphere (^oxygen 
bursts into dame. This propcrtj- b possessed by only one 
^ other gas. vii , hv-ponitrous oxide. X.O. 

Sulphur bums more ra)^y in an atmosphere of oxj^en 
than in air(sul()hurous anhj-dride, SO^ being formed). 

Lighted charcoal (cirboti) bums more rapidly in ox^-gen 
than in air (carbtw dioxide being producedV 

Ignited ph<.Vit>horus bums in o.\\'gcn with increased \'^or. 
I fbimtng phosjihoTtc anhx-dride, P(0^ 

Certain substances which ordioarily undergo very slow 
oxidation in air, oxtdiie ven~ rapidly in an atmosphere of 
ox\-^cn : W instance, hot metallic iroa (^a watch spring I, when 
brought into an atmosphere of ox>^;cn. bums (oxidizes) with 
great vigor, with the pruductivia of fenic oxide. Fe^^ 

Phy«tolo(icBl propecti«s ; Ox>'gen ts absotutch' necessary 
L to ^ustiin aiiinul lilv. It euters into combination with the 
L«oloring nutter o*' the W^>oJ. h;*:mogU4)tn. Co,H,«N^Oa,FeS^ 
I to form oxyharoKiglobin. C^H,anN^(\,FeS,0, (molecular 
K^ceisht. 14.t(>tX Tite ox\-gen thus cixnbined in ox>-ha:roc- 
v^obin is in rMber fiKble cotabaation. and t$ readily gr^en up 
I tite O^annm b the process of oxiditioiv Thus, arterial 
A contaitts oxylueinoglobin whkh. a its potssage from the 
l^lfi^iy b)ooil-vt«s^duongh dke tts^iKs. ^-«$ up its ox)'-gen. 



I 
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is reduced, and appears in venous blood as hicmoglobin, 
which again in the lungs combines with oxygen, to form oxy- 
h^emogtobin, is reduced in the tissues, and appears in the 
venous blood as h^moylobin. thus completing a cycle in 
carrying oxygen to satisfy the n^eds of the organism. 

The oxygen combined with haemoglobin as oxyha;moglobin 
is easily displaced by carbon monoxide to form carbonic oxide 
hemoglobin, CsmH^^N.^.Oi.^FcSjCO. molecular weight 1 4,1 57. 
In short, hasmoglobin has a greater affinity for carbon mon 
oxide than it has for oxygen, and when a mixture of the two 
gases is inhaled the haemoglobin will, in preference, combine 
with the carbon monoxide. 

Carbonic oxide hemoglobin in its passage from the arterial 
system through the tissues to the venous system does not give 
up its carbon monoxide, but is returned to the lungs as car- 
bonic oxide haemoglobin. On continuously inhaling an 
atmosphere containing carbon monoxide a time arrives when 
the haemoglobin in the blood is largely or almost wholly in 
combination with carbon monoxide, the quantity of oxygen 
carried by any remaining hemoglobin as oxyhemoglobin is 
insufficient for the needs of the organism, and consequently 
death ensues: This is the chemical explanation of death by 
carbonic oxide poisoning. (Carbonic oxide is contained in 
the gases emanating from Hmc-kilns in the process of burning 
lime, and is also largely contained in the illuminant called 
" water gas.") The red color of arterial blood is due to oxy- 
hemoglobin, the purple-red color of venous blood is due to 
hemoglobin (sometimes called reduced hemoglobin). Blood 
containing carbonic oxide hemoglobin is rose-red in color. 

Hemoglobin, oxyhemoglobin, carbonic oxide hemoglobin 
and methemoglobin are definite crystalhne chemical com- 
pounds. They are readily distinguished spectroscopically by 
the difference in their spectra. 

The presence of oxygen and of carbon dioxide in blood 
may be determined by withdrawing the gases from the blood 
contained in a bulb, by means of Hufner's modification of 
Sprengcl's pump, and collecting them in a eudiometer. On 
introducing a solution of barium hydroxide into the eudio- 
meter the liquid will become turbid, due to the formation of 
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barium carbonate, thus indicating the presence of carbon 
dioxide. On introducing a soUition of pyrogallic acid and 
afterward a piece of caustic soda into the same eudiometer, 
the Siquid wil! become black, due to the action of the oxygen 
in the eudiometer on the alkaUne solution of pyrogaHic acid. 
The gas in the eudiometer will be almost entirely absorbed by 
the barium hydroxide and alkaline pyrogallic acid solutions; 
any gas remaining unabsorbed is nitrogen, which, in small 
quantity, is one of the constituents of the gases of the blood. 
Carbon Dioxide, COj, is a normal constituent of the air. 
It is contained in the air in the proportion of from 2 to 4 parts 
in 10,000 of air {0.02 to 0.04 per cent.). Air containing 0-1 
per cent, of CO^ (10 parts in 10,000) is unfit for respiration. 
In stating that the limit of contamination of air witli COj is 0.1 
per cent., it is understood that the CO^ is derived from the 
breath. This percentage of COa may be looked upon simply 
as an index of the quantity of other substances which are 
poisonous (possibly of the nature of volatile ptomaines), and 
which are derived from the breath, as air containing only 0.1 
per cent, of COj, derived from sources outside of the animal 
body maybe breathed without discomfort. Carbon dioxide is 
exhaled by animals, and also results from the combustion of 
carbonaceous substances. Plants in sunlight break up CO,, 
appropriating the carbon and setting free the oxygen. 



6C0, 4- 5H,0 = C„H,A + 60^- 

The quantity of oxygen consumed per day by 9 ounces of 
carbon (given off as CO^) and \ ounce (0.5 ounce) of hydro- 
gen (given off as H,0) of the food taken by the average man, 
is 28 ounces. 

C + O, ^ CO.. 



12 



32 it 

H, + O = H,0. 

10 :: 0,.5 



24 
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The 9 ounces of carbon expired per day as CO., is equi- 
valent to the expiration of 1240 cubic inches of CO2 per hour. 

The 9 ounces of carbon and \ ounce of hydrogen consume 
28 ounces of oxygen per day, or loOO cubic inches per hour, 
and to furnish 1500 cubic inches of oxygen, 7500 cubic inches 
of air are required. » 

The 1240 cubic inches CO^ expired in one hour is sufficient 
to contaminate 1,240,000 cubic inches of air with CO2 to the 
extent of 0.1 per cent, which is the generally acknowledged 
limit of permissible pollution. 

1240 X 1000 = 1,240,000 cubic inches of air polluted with 
CO2 to the extent of 0.1 per cent. 

7500 cubic inches of air are required to furnish sufficient 
oxygen to produce 1240 cubic inches of CO2. 

Therefore, the quantity of air used plus the quantity of air 
vitiated per hour is 

7500 + 1,240,000 = 1,247,500 cubic inches of air or about 
721 cubic feet of air vitiated to the extent of 0.1 per cent, of 
CO2 per hour. 

It follows that the quantity of air required for respiration by 
an ordinary man is equal to that contained in a room 9 feet 
square and 9 feet high, renewed every hour, /. c, 721 cubic 
feet. 

Table of Oxys^en Consumed and Air Vitiated by Combustion. 



Air Vitiated 
12 Candle- Power. j O Consumed. j CO* Produced. 1 3 the extent of 

0. 1 per cent. CU-j. 



IllumiDating gas . . . . ! 5.45 cubic feet 3 21 cubic feet 34S2.5 cubic feet 

Sperm oil ' 4.75 " " 3.33 " " 1 3567.5 " 

" candle^ , 7.57 " " , 5.77 " " 61485 •* 

Wax " 8.41 " " 5.90 *' *' 6322.5 " 

Tallow •* 12.00 " " 8.73 " " 9330 " 



One candle-power is equivalent to the light furnished by a 
pure sperm candle, which in burning consumes sperm at the 
rate of 2 grains per minute. 
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Chemical properties: Oxygen is a supporter of combus- 
tion, but is not itself combustible. It is the t>-pe of the electro- 
negative elements, and combines with all the elements except 
fluorine. 

It may be detected qualitatively : {a) By its being a sup- 
porter of combustion, but hyponitrous oxide, N^O, is also a 
supporter of combustion. Oxygen may be distinguished from 
hyponitrous oxide by mixing the gas in question with nitrogen 
protoxide, N,0.. The latter gas when brought in contact with 
oxygen will produce red-brown fumes of NjOj or of NjO,. 
No change takes place when N,0, is brought in contact with 
hyponitrous oxide. 

{6) Water is formed when an electric spark is passed through 
a mixture composed of one volume of oxygen and two volumes 
of hydrogen. 



Molecular formula of ozone, Oj. Molecular volume, 2. 
Specific gravit}' compared with hydrogen, 24. Molecular 
weight. 48, 

Oj represents the molecule of oxygen. 

O) represents the molecule of ozone. 

Ozone is considered to be an allotropic condition of oxygen 
in which three volumes are condensed into two, one of tlie 
volumes being in a diflTerent electrical condition from the other 
two volumes. One of the atoms is looked upon as being in 
the positive condition, and the other two as negative, thus; 

ooo 

History : Von Marum, in 1785, noticed that when an 
electric current was passed through oxygen a peculiar odor 
was produced, which somewhat resembled that observed after 
a stroke of lightning and sometimes called "sulphurous." 

In 1840. Schoenbein noticed the similarity between the odor 
thus produced and iKe odor observed in the electrolysis of 
water and in the slow oxidation of phosphorus and sulphur, 
and found that in each case the substance produced turned 
paper moistened with a solution of potassium iodide and J 
starch decidedly blue. 
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During the same year, Marignac demonstrated that the sub- 
stance produced was an allotropic modification of oxygen. 

Simultaneously with the production of ozone, a compound 
termed antozone was produced, and was represented by the 

formula O3 = O O O, in which one of the atoms of oxygen was 
looked upon as being in the negative and two atoms in the 
positive condition. It was afterward shown that this compound 
was hydrogen peroxide, I LO^.. 

O, - - O, -r H.O r- HA - ^h- 

Preparation of Ozone ; 1. Hy electrical agency. The 

silent discharge of electricity in moist oxygen. 

2. By slow combustion. 

{a) The slow oxidation of phospliorus in moist air. 
{b) The slow oxidation of ether, viz., tlie placing of a hot 
glass rod in a vessel containing vapor of ether. 

Properties of Ozone : A colorless gas possessing a phos- 
phorus-Hke odor. It is probably always present in the air in 
minute quantity, except in the air of large cities, where it is 
decomposed. As it is one of the results of the slow oxidation 
of oils, especially of turpentine, it is, therefore, found in larger 
quantity in the air of pine forests. It is found in the air, espe- 
cially after a thunder-storm. It possesses, to a marked degree, 
the property of oxidizing and destroying impurities in air. 

It is a powerful oxidizing agent and is also a reducing 
agent. 

It oxidizes AsoO^ to AsX)... 



i< 



•< 



Ag " Ag.O. 
Hg '• Hgb. 



In these cases the ozone, O3, gives up one atom ot oxygen, 
the other two atoms remaining as ordinary oxygen. 

As.,03 --203 = As,0, 20... 
Hk-- 03=HgO f (),. 

It decomposes potassium iodide, oxidizing the potassium and 
liberating the iodine. 

2KI -I- O, ; H,0 = 2K0H -^ (), -;- L. 
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Tests for Ozone ; Ozone in contact with paper moistened * 
with a solution of potassium iodide and starch sets the iodine 
free, which latter acting on the starch turns it blue. Hydrogen 
peroxide, HjOj, responds to the test in a similar manner, as 
also does nitrous acid, H\Oj. The solution employed to 
moisten the paper is prepared by dissolving 1 part of potassium 
iodide and 5 parts of starch in 100 parts of water. 

Ozone may be distinguished from hydrogen peroxide by its 
action on a polished surface of metallic silver. Ozoneproduccs 
a blue-black stain on the silver ; hj'drogen peroxide has no 
action. 

HYDROGEN. 

Atomic weight, 1. Molecular weight, 2, Molecular volume, 
2, Specific gra%itj- compared with air, 0.0i)93 (14.44 times 
lighter than air). 

1 gramme of hydrogen at 0° C. and 760 millimetres pressure 
measures 11.16 litres. 

1 grain of hydrogen at 60° F. and 30 inches pressure meas- 
ures 46.66 cubic inches. 

100 cubic inches weigh 2.14 grains. 

1 litre weighs 0.0896 gramme (I crith). 

If the specific gravity (compared with hydrogen) of an ele- 
ment, or a compound in the gaseous state, be multiplied by 
O,0S96, the resultant is the weight of one litre of the substance 
in the gaseous state. 

Example : 

Molecular weight of CO, is 44. 

Specific gravity of CO, compared witli hydrogen is 22, 

0.0S9(i X 22 = 1.9712 gramme, the weight of 1 litre of CO,. 

Special history : A gas, which is now known to have been 
hydrogen, was rccogniied bj' Boyle in 1672. 

Cavendish obtained it in 1776, and called it inflammable 



Because of water being produced when the gas was burned, 
Lavoisier named it hydrogen. 

Natural history : It is found in tlie three kingdoms — min- | 
era], vegetable and animal. 



In the mineral kingdom it is found free in volcanic gases 

and in the " fire-damp " of coal mines. It is present in the air, 
not, however, in the free state, but in combination as vapor of 
water. In combination with oxygen it forms ^ part by weight 
of water. It occurs in various mineral substances in combina- 
tion with oxygen as water of hydration. 

In the vegetable kingdom it is found as a constituent of 
all tissues, as well as in the water with which the tissues are 
associated. It is a constituent of most of the organic com- 
pounds of vegetable origin, as QH,jO„ glucose, CgHu,Oj, 
cellulose, starch. 

In the animal kingdom it is a constant constituent of the 
tissues, and is also a constituent of most organic compounds 
of animal origin, as CO(NH,)a, urea. 

Preparation of Hydrogen: 1. By decomposing water by 
means of intense heat. 

2. By decomposing water with metallic pota.ssium or sodium. 

K + H,0 = KOH -T- H. 

In this decomposition sufficient heat is evolved to ignite the 
hydrogen in the presence of the oxygen of the air. Com- 
bination of the two elements takes place, with the formation 
of water. 

To obtain hydrogen by this method, the decomposition must 
be performed out of contact with free oxygen, in an inverted 
jar filled witli water. 

;j. By decomposing water with a current of electricity (by 
electrolysis). 

HjO=H, 4-.0. 

4. By decomposing water by bringing it, in the form of 
steam, in contact with certain metals heated to a red heat, 
such as red-hot iron. 

Fe, + 4H,0 =FesO, + 4H,. 

5. By passing steam over red-hot coke or charcoal. 
C + 2H,0 = CO, + 2H,. 

G, By decomposing sulphuric acid with metallic zinc. 
- H,SO, = ZnSO, + H^ 
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7. By decomposing sulphuric acid with metallic iron. 

Fe + H^O, = FeSO, + H,. 

8. By decomposing hydrochloric acid with metallic zin 

Zn -f 2HCI = ZnCU + Hj. 

S. By decompi:)sing hydrochloric acid with metallic iron. 

Fe + 2HC1 = FeCt, + H,. 

Hydrogen is generally prepared by the action of zinc on 
dilute .sulphuric acid. Prepared in this manner it may contain 
hydrogen sulphide, or hydrogen arsenide, derived from im- 
purities in the zinc. The hydrogen may be purified by pass- 
ing it through two WoullT's bottles containing solutions of 
sodium hydroxide and argentic nitrate respectively. 

How much hydrogen by volume may be obtained from to 
grammes sulphuric acid ? 

The molecular weight of H^SO^ is 98. 

Every molecule of HjSOj contains 2 atoms of H. 

One atom of H, expressed in grammes, will occupy a volume 
of 11.16 litres. Two atoms of hydrogen in grammes will 
measure 22.32 litres, consequently from one molecule (ex- 
pressed in grammes) or 98 grammes of HjSO, there are 
evolved 22.32 litres of hydrogen ; therefore, 

98 : 15 :: 22.32 : .r= volume of H from 15 grammes H,SO,. 

Physical properties : When pure, a colorless, tasteless, 
odorless gas. It is soluble in water, at a temperature of from 
0° C. to 20° C, to the extent of about l.i) per cent, by volume. 
The coefficient of absorption of hydrogen by water is 0,019. 

Subjected to a pressure of 3000 atmospheres at ordinary 
temperature it still remains a gas, but at a temperature of 
— 180° C. it may be liquefied by a pressure of 99 atmospheres. 
If the pressure, while in the liquid state, be removed, it boils 
and forms a solid. 

It is the lightest substance known, being 240,000 times 
lighter than hammered iridium, the heaviest substance known. 
Volume for volume, it is 14,44 times lighter than air, and on 
this account has been used for fiUing balloons. 
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Knowing that hydrogen is 14.44 times hghter than air, the 
specific gravity of gaseous substances, compared with air, may 
readily be calculated, if their specific gravity compared with 
hydrogen be known, by dividing their specific gravity com- 
pared with hydrogen by 14.44. 

Example: CO^ molecular weight is 44. Specific gravity 
compared with H is 22. Then. 22 ^ 14.44 = 1.524, specific 
gravity of COj compared with air. 

The specific gravity of a gaseous substance compared with 
air may be found compared with hydrogen by multiplying the 
specific gravity of the gaseous substance compared with air by 
14.44. 

Hydrogen possesses to a marked degree the power of dif- 
fusion. In diffusion, gases follow the law that the rate of 
diffusion of two gases is inversely as the square roots of 
tbe densities of the gases. Hydrogen diffuses 3.8 times 
more rapidly than air, ;. e.. if hydrogen be placed in a tube, 
one end of which is closed with a porous diaphragm of plaster- 
of-Paris and the other end immersed in water, the hydrogen 
will diffuse through the diaphragm and air wil! enter, but for 
every 1 c.c. of air which enters, 3.IS c.c. of hydrogen escape. 

Physiological effects : It is in itself not poisonous, but if 
breathed alone continuously death results from absence of 
oxygen. 

Chemical properties: When pure, it is an odorless, color- 
less, tasteless gas. 

It is an electro -positive, monivalent element. 

It is not a supporter of combustion, but is combustible. 
When pure, it burns with a colorless flame, producing great 
heat. When burned with a sufficiency of oxygen, more heat 
is produced than in the combustion of an equal volume of any 
other known substance. One gramme of hydrogen when 
burned with an adequate quantity of oxygen will produce 
sufficient heat to raise the temperature of 34,462 grammes of 
water from 0° C. to 1° C. 

The intense heat produced in the combustion of hydrogen 
with oxygen is made available by the oxyhydrogen blowpipe, 
a contrivance in which hydrogen and oxygen are brought 
together from separate orifices and the mixture ignited. 
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Hydrogen does not combine with oxygen under ordinary 
conditions, but when a direct flame is applied to a mixture of 
the two gases, or when the mixture is fired by an electric 
spark, combination takes place with explosive violence. 

When a jet of hydrogen is brought in contact with spongy 
platinum, combination is effected with oxygen and the jet of 
hydrogen is ignited. (Principle of Doebereiner's lamp,) 



Compounda of Hydrogen and Oxygen. 

There are only two compounds of hydrogen with oxygen, 
namely, 

HjO, Hydrogen monoxide (water). 

HjOj, Hydrogen peroxide. 

Water, HjO (Hydrogen Monoxide). 

Molecular weight of water, 18. Specific gravity compared 
with hydrogen, Sf. 

18 grammes of vapor of water measure 22.32 litres. 

18 C.C. water = 22320 c.c. steam, at 0° C.and 760 millimetres. 
1 C.C. " = 1240 c.c. •■ 
I. €., one volume of water will make 1240 volumes of steam 
measured at 0° C. and 760 millimetres. 

273 ; 373 ;; 1240 ; 1G94 = volumes of steam measured at 
100° C. evolved from one volume of water. 

Percentage composition of water. 

Hydrogen, 1J.14 per cent. 

Oxygen 88.86 

100.00 

Special history of water : It was regarded by the ancients 
as one of the four elements. 

Priestley suspected its composition in 1780. Dr. Watt con- 
firmed Priestley's suspicion, and wrote to Dr. Priestley, April 
6, 1783, that water was a compound of dephlogisticated air 
and inflammable air. 

Natural history; It is found in nature in rain, snow, hail, 
and in rivers and seas. A large percentage of animal and 
vegetable structures is water. It is found combined in many 
minerals as water of hydration. 
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The quantity of water in the world is sufficient to cover the 
earth's surface to the depth of one mile. 

Preparation of Mvater: By burning hydrogen in oxygen, 
or by passing an electric spark through a mixture of two 
volumes of hydrogen and one volume of oxygen. 

Determination of the composition of water : 1. By 
analysis, i. e., the resolving of the compound into its elemen- 
tary- constituents, 

'1. By synthesis, i.e., producing the compound from its 
constituents. 

In the analytical method, water slightly acidulated with sul- 
phuric acid to increase its conductivity, is decomposed in an 
appropriate two-armed eudiometer by means nf a current of 
electricity. Hydrogen is evolved from the water around the 
negative platinum electrode, oxygen at the positive platinum 
electrode. Two volumes of hydrogen will collect in one arm 
of the eudiometer and one volume of oxygen in the other. 
The quantity of oxygen appearing in the eudiometer is slightly 
less than the required volume, due to the somewhat greater 
solubility of oxygen in water than hydrogen, and also because 
of some of the oxygen being ozonized, with a consequent 
condensation of volume. 

The gas evolved from the negative electrode may be shown 
to be hydrogen by burning when ignited, and the production 
of water as a result of the combustion. Oxygen may be 
recognized by its vigorously supporting combustion and turn- 
ing an alkaline solution of pyrogallic acid black. 

In the synthetical method, water is decomposed in a eudi- 
ometer, as in the analytical method, and the two gases 
collected together and an electric spark passed through th« 
mixture. Combination of the two gases takes place instan- 
taneously, with the production of water. (A slight quantity 
of hydrogen may remain uncombined, due to some of the 
ga.seous oxygen evolved in the decomposition of the water 
remaining in solution in water, thereby leaving the quantity of 
oxygen in tile gaseous mixture slightly inadequate for the 
hydrogen.) 

The synthesis of water may also be performed by passing a 
slow stream of pure, drj- hydrogen over a weighed quantity 
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of hot cupric oxide, CiiO. contained in a porcelain boat in al 
Bohemian glass combustion tube. The hydrogen is best 1 
obtained from the action of zinc on sulpliuric acid, and purified 
and dried by passing it thi'ough two Woiilff 's bottles contain- 
ing respectively solutions of sodium hydroxide and argentic 
nitrate, and then through a drying tube containing piects of 
calcium chloride. 

The hydrogen will deprive the hot cupric oxide of its 
oxygen, reducing it to metalhc copper, and vapor of water will 
be formed. By accurately collecting and weighing the water 
produced, and also determining the weight of reduced copper, 
the relative weights of oxygen and hydrogen present in the 
water obtained may be determined. 

The composition of water may also be shown by burning 
a known weight of hydrogen with cupric oxide, collecting 
and weighing the resulting water and estimating the oxygen 
indirectly. 

Properties ; A colorless, tasteless, odorless liquid. 

1 cubic centimetre of pure water at 4° C, and 760 millime- 
tres pressure weighs 1 gramme. 

1 litre (1000 c.c.) of pure water at 4° C. and 7(50 millimetres 
pressure weighs 1000 grammes. 

1 cubic inch of pure water at \i'2° F, and .'W inches pressure 
weighs 2-52.45 grains. 

1 cubic inch of pure water in vacuum weighs 252.74 
grains. 

1 cubic foot measures about 7J gallons. 

Water is at its maximum density at 4° C. or 39.2° F. 

Its range of liquidity is from 0° C. to 100° C. or 32° F. to 
212° F. 

The temperature of water in closed vessels, at perfect rest 
and out of contact with air, may be lowered to about 14*' F. 
or — 10° C. without solidification. If water at this temperature 
be agitated it instantly freezes, tlie temperature rising at once 
to 32° F. or 0° C. 

The boiling point of water {ltX)° C.) is increased by its 
containing solids in solution. The boiling point is also 
increased when the water is under pressure. 

Water evaporates at all temperatures. 
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The absolute boiling point of water is 370° C, (critical 
temperature of water), at which point its vapor tension is 
equivalent to a pressure of 195.5 atmospheres. At the ordi- 
nary temperature, and a pressure of 1 atmosphere, it boils at 
100° C. 

Water under a pressure of 195.5 atmospheres and heated to 
370° C. passes into vapor. If heated to 371' C. no amount of 
pressure will keep it in the liquid slate. Water cannot exist 
in the liquid state at a temperature above 370° C. and under a 
pressure of 195.5 atmospheres. 

Moist air occupies more space than dry air, due to the vapor 
of water present. 



Boiling Point of Water at Different Elevations. 
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Chemical relations of water : It is a neutral substance. 

It is capable of entering into a large range of combinations. 

Examples : 

H,0 + SO, = M^O.. 
HjO + Kp =2K0H. 

Thus, water may enter into combination to form electro- 
negative as well as electro-positive compounds, i. e., it unites 
with anhydrides to form acids, and with bases to form 
hydroxides. 

It enters into combination with salts as water of crystalli- 
zation and as water of constitution (saline water). 

Water of crystallisation may be expelled from a compound 
by heating the compound at a temperature of 100° C. 
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Water of constitution (saline water) cannot be expelled at a I 
temperature of 100° C. 

Example : 

Magnesium sulphate, MgSO, + 7H,0. 

Six of the seven molecules of water in magnesium sulphate I 
may be expelled at a temperature of 100" C, ; the remaining 1 
molecule cannot be expelled except at a higher temperature. 

Water of crystallization in a compound is sometimes repre- 
sented by the abbreviation aq.; thus, MgSOj -|- 7 aq. 

Substances which give off their water of crystallization at 
ordinary temperature are termed efflorescent, — are said to 
effloresce. 

Substances which absorb water from the air are termed deli- 
quescent, — are said to deliquesce. 

Water may be recognized by — 

1. Its freedom from taste, odor and color. 

2. Its specific gravity (1000). 

3. Its boiling at 100° C. 

4. Subjecting it to the action of a current of electricity, 
thereby decomposing it into hydrogen and oxygen. 

Solvent properties of virater : It has the greatest range ol 
solvency of any known liquid. Owing to its great solvent 
action, it is never found pure in nature. It is purest in the form 
of rain water. 

When 1' part of a substance is soluble in 100 parts of water 
at a given temperature, it is said to be soluble, and when 1 part 
of a substance is insoluble in 100 parts of water, it is said to 
be insoluble. 

I part of magnesium sulphate is soluble in 1^ parts by 
weight of water. 

1 part of calcium sulphate is soluble in 600 parts by weight 
of water. 

1 part of strontium sulphate is soluble in 10,000 parts by 
weight of water. 

- 1 part of barium sulphate is soluble in 200,000 parts by 
weight of water. 

When water at ordinary temperature holds as mu ch Of fc^ 
solid in solution as is possible, it is said to be satura 
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Temperature and pressure have an influence on solubility. 

Divisions of water : (a) Chalybeate water, in which iron 
is the predominant constituent. 

((4) Magnesian water, in which magnesium is the predomi- 
nant constituent. 

(r) Sulphur water, in which hydrogen sulphide is the pre- 
dominant constituent. 

{d) Carbonated water, in which caj-bon dioxide is the pre- 
dominant constituent. 

Hard and soft waters : Hard water possesses the property 
of decomposing soap with the production of an insoluble 
compound. 

Soft water doe.s not possess the property of decomposing 
soap with the production of an insoluble compound, but 
produces a lather with soap. 

Soap is a definite chemical compound — a stearate, oleate, 
patmitate, etc.. of an alkali. Soaps are produced by the action 
of a free fixed alkali, /'. i:, caustic potash or caustic soda, on 
animal or vegetable fats or oils. 

If caustic potash be used in the saponification of the fat, the 
resulting soap is a " soft soap." If caustic soda be used instead 
of potash, the resulting soap is a " hard soap." 

The fats are— 

Palmitine. 

Margarine. 

Stearine. 

They are compounds of palmitic, margaric, or stearic add 
with glycerin, C3Hj(OH)3, a triatomic alcohol — i.e., palmitate, 
margarate and stearate of glyceryl. 

Palmitic acid is C,gKj,0,. 
Margaric " " C|jHj,Oi. 
Stearic " " Ci,Hj,Os. 

One atom of hydrogen in stearic acid is replaceable, and. 
therefore, the acid may be represented. HCigH^jO;. 

The combination of glycerin with stearic acid may be repre- 
sented as follows : 

Clyc«<°. Si«»ric Acid. Giytcryl gi<>»ie. 

C,H,(OH), -i- 3HC„H„0j = C,H,(C,sH3,0,), -V 3H,0. 
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When glyceryl stearate is boiled with a solution of caustic I 
soda, a new compound, sodium stearate, — hard soap — is 
formed. Glycerin is produced at the same time. 

Glyceryl Steanie. Sodium SwunLc. Olfctrlo. 

C3H,(C.,H„0^, + 3NaOH = 3NaC^H„0, + C,H^OH),. 

When soap, for example, sodium stearate, is brought in 
contact with a hard water, /. e., a water containing soluble salts 
of calcium, magnesium, etc., decomposition of the soap occurs 
and new compounds arc produced. 

In the case of water containing calcium bicarbonate in solu- 
tion, insoluble calcium stearatt.- is formed, according to the 
following reaction : 

Sodium Acid. 

2NaC.,H„0, + CaCO^.HjCO, ^ Ca(C„H„O0a + 2NaHc6^ 

The hardness of water, or really its soap-destroying power, 
is determined by means of a standard solution of soap. The 
standard soap solution is prepared so that 14.25 c.c. of it shall 
contain just sufficient soap to combine with the calcium equi- 
valent to 0.010 gramme (10 milligrammes) of calcium carbonate 
contained in 50 c.c. water and produce a lather in the same. 
The hardness of water is always represented in units of 
calcium carbonate. 

In order to standardize the soap solution, a solution con- 
taining a known quantity of a salt of calcium is prepared by 
dissolving 0.2 gramme precipitated calcium carbonate in dilute 
hydrochloric acid, thereby converting it into soluble calcium 
chloride, evaporating the remaining undecomposcd acid and 
dissolving the residue in distilled water and diluting to a 
volume of lOfX) c.c. 

Then 

CaCOi. 

1000 Q..C, = 0.200 gramme. 
100 c.c. = 0.020 
50 c.c. = 0.010 
10 c.c. = 0.002 
1 c.c. = O.O002 •■ 
The standard soap solution is prepared by dissolving about 
J 6 grammes of white castile soap in alcohol of about 66 per 
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cent, strength, and diluting with alcohol of the same strength 
to a volume of 1000 c.c. 

In standardizing the soap solution, 50 c.c. of the standard 
solution containing the salt of calcium are placed in a flask of 
about 200 c.c. capacity. The soap solution is added, a little at 
a time, from a burette, the mouth of the flask is closed with 
the thumb or a cork, and vigorously agitated with an up and 
down movement, after each addition of soap solution, until 
finally a lather lasting five minutes is produced. Quite likely, 
as above prepared, the soap solution will be too .strong, and, 
therefore, less than 14.25 c.c. will be required for the 50 c.c, of 
standardizing solution of calcium salt. 

Suppose 11.25 c.c. .soap solution had been required. It is 
then too strong by 3 c.c. i.e., the diflerence between 11.25 c.c. 
and 14.25 c.c. Therefore, to every 11.25 c.c. of soap solution 
remaining there must be added the diflerence between 11.25 
c.c. and 14.25 c.c. or 3 c.c. of 56 per cent, alcohol. 

Example : 

1000 c.c. soap solution. 

1 1.W5 c.c. used. 
11.25) 988.75 c.c. remaining. 

87.884 X 3 ^ 2tt3.ti c.c. of 56 per cent, alcohol 

to be added to the 988.75 c.c. soap solution, so that exactly 
14.25 c.c. of the solution shall be required to produce a lather 
(lasting five minutes), with 50 c.c. of the solution of calcium 
salt. 

Method: 50 c.c. of the water under examination are placed 
in a flask, and the standard soap solution added, a little at a 
time, from a burette, and the flask closed and vigorously 
agitated with an up and down movement after each addition 
of soap solution until a lather lasting five minutes is produced. 
Suppose 4 c.c. of the soap solution were required to produce 
the lather. By reference to the table (see page 78) it is found 
that the hardness of that particular water is equivalent to 4.57 
parts of CaCO,. in 100,000 parts of water. (Total hardness ) 

If more than Hi c.c. of the soap .solution should be required 
to produce a lather in 50 c.c. of water, the operation must be 
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repeated upon a smaller volume (25 or 10 c.c.) of water, the 
volume being made up to 50 c.c. by the addition of distilled 
water before adding the soap solution. The degrees of hard- 
ness must then be multiplied according to the degree of 
dilution. 

Table of Hardness In Parts of Caldum Carbonate per loo.ooo 
Parts of Water, 50 c.c. of Water being Used. 
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Temporary and permanent hardness of water; Most 
waters become softer on boiling, owing to the decomposition 
of the soluble bicarbonates of calcium and magnesium; carbon 
dioxide being set free, and insoluble calcium carbonate being 
precipitated. 

CaCO„H,CO,= COj + H,0 + CaCO^. 

The hardness which disappears on boiling the water "s 
known as temporary hardness, whilst that which remains 
after boiling is known as permanent hardness. 

In determining temporary and permanent hardness, 200 cc, 
of the water are placed in a flask of about 300 c.c. capacity 
and boiled briskly for half an hour. When cool, the volume 
is made up to 200 c.c. with distilled water, and 50 c.c. of the 
liquid are taken and titrated as above in the determination of 
the total hardness. The hardness so found is permanent 
hardness, and by subtracting it from the total hardness the 
temporary hardness is obtained, 
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drying and weighing the residue as above given. The numl 
of milligrammes of residue obtained from 70 c.c, water will 
correspond to the number of grains per imperial gallon. 
70 c.c. water = 70,000 milligrammes (70.0 granjmes). 
1 gallon ■' ^ 70,000 grains. 
In water analysis, the volume 70 ex. is often termed the 
" miniature gallon," in which the milligramme corresponds to 
the grain, and, therefore, the number of milligrammes of sub- 
stance found in a volume of 70 c c. water correspond; 
number of grains per gallon. 
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QUALITATIVE DETECTION AND QUANTITATIVE ESTIiWATII 
OF INORQAMC CONSTITUENTS. 

A large quantity, not le^s than I litre, of the water, to which 
a few drops of hydrochloric acid have been added, is evapor- 
ated to dryness in a platinum dish. The residue is dissolved 
in a small volume of water, and the analy.si.s carried on accord- 
ing to the methods in ordinary qualitative and quantitative 
mineral analysis, 

Determination of the organic matter in w^ater: 1. By 
igniting the weighed residue from a given quantity of water 
and determining the lo.ss in weight. This method does rot 
give accurate results, because in the ignition certain of the 
mineral constituents undergo change; for example, calcium 
carbonate when heated is converted into calcium oxide, with 
the evolution of carbon dioxide, thus causing a diminution in 
the weight of the residue which might be erroneously attri- 
buted to loss occasioned by organic matter. 
CaCO, = CaO -+- CO^ 

A blackening of the residue on healing the dish over the 
naked flame indicates the presence of organic matter. 

'1. Frankland's combustion process, in which the organic 
elements in water are determined by submitting the residue 
left on evaporation to combustion with cupric oxide, and 
measuring the carbon dioxide and nitrogen given off by means 
of gasometric methods. This is the most satisfactory method 
for the determination of carbon and nitrogen in organic 
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IBination in water, but the cost of the special apparatus and 
the delicacy of manipulation required in the performance of 
the method render it rather unavailable for the physician. 

3. Forchhammer or oxygen process ; This method de- 
pends upon the varying amounts of oxygen absorbed from a 
solution of potassium permanganate by the same volumes of 
waters of different organic purity, or, the quantity of oxygen 
required to oxidize the organic matter in a given volume of 
water in a given time. 

Potassium permanganate, KjMhjOj. is the substance used to 
fiimish the oxygen, /. e., the oxidizing agent. In the presence 
of sulphuric acid potassium j>ermanganate yields oxygen to 
organic matter. 

Reactions occurring in the method : 

316 80 

{a) KjMnjO, + ^}\^0, = KjSO, + 2MnSOi + 3H,0 + O,. 
(One molecule of KjMn,Oj in the presence of HjSOj and 
organic matter yields five atoms of oxygen.) 

(d) KjMnA + lOKI + 8H,SO, = 6K,S0. + 2MnS0, 

+ 8H,0 4- 1.0- 

(One molecule of KjMnjOj and ten molecules of potassium 

iodide, KI, undergo mutual decomposition with the liberation 

of ten atoms of iodine.) 

(f) SNa^S^O, + I, - 2NaI + Na^S^O,. 
(Two molecules of sodium thiosulphite, NajSjOj, with two 
atoms of iodine form sodium iodide, Nal, and sodium tetra- 
thionate, Na,S,Os.) 

Preparation of the solutions : 1. Potassium permanganate 
solution. 

Once the molecular weight of K,MnjOg (316), expressed 
in milligrammes, is dissolved in 1000 c.c. distilled water. 

Then, 

Pmoh. Pcnnuitiiiau. Oiyiei. 

1000 c.c. = 0.316 = 0.080. 

100 c.c. = 0.0318 = 0.008. 

10 c.c. = 0.00316 = 0.0008. 

1 c.c. = 0.0O0316 = 0.00008. 
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2. Sodium thiosulphite (Na,S,0, + 5HjO) solution. 
One molecule of KjMn,Og acting upon KI, sets free ten 

atoms of iodine, and two atoms (one molecule) of iodine 
require two molecules of NajSjO, ; therefore one molecule of 
KjMnjOg is equivalent to ten molecules of Na^^Oj. 

Instead of dissolving one molecule of Na^SjOj + 5H,0 
= 248, expressed in milligrammes, in 1000 c.c. water (which 
would make the NajSjOj solution too weak for accurate work). 
four times the molecular weight of NajSjOj, expressed in 
milligrammes (4 X 0.248 ^ 0.9{I2), is dissolved in 1000 c.c. 
di.stillcd water. 

1 c.c. of the standard K,MnjO„ solution will then require 2.5 
c.c. of the Na^Oj solution, or 10 c,c. of the KjMn,Og solu- 
tion will require 25 c.c. of the Na^Oj solution. 

0.992 gramme Na^jO^ + 5H,0 are dissolved in 1000 c.c. 
distilled water. 

3. Dilute sulphuric acid. 

One part of strong sulphuric acid diluted with three parts 
of distilled water. 

4. Potassium iodide solution. 

Ten grammes of potassium iodide are dissolved in 100 c.c. 
di.stilled water. 

5. Starch solution. 

One part of starch rubbed up with twenty parts of boiling- 
hot water, filtered, and the filtrate boiled and allowed to stand 
several hours. The clear supernatant liquid is decanted and 
preserved for use. 

Method : 250 c.c. of pure distilled water are placed in each 
of two flasks of about 500 c.c, capacity. 250 c.c. of the water 
under examination are placed in each of two other flasks ol 
about 500 c.c. capacity. 10 c.c. of dilute sulphuric acid and 
10 c.c. of potassium permanganate solution are placed in each 
of the four flasks. 

After the lapse of one hour, two drops of Kl solution are 
placed in one of the flasks containing the distilled water, and 
also in one of the flasks containing the water under examina- 
tion. The purple color of the liquid due to the permanganate 
is destroyed on the addition of the potassium iodide, leaving a 
brown color, due to free iodine, in its stead. By this procedure 
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an amount of iodine will be liberated exactly cquiv-alcnt to the 
quantity of undccomposed potassium pcrmanganiitc prcsu-nl in 
the water. 

Sodium thiosulphitc solution is now added to the liquid in 
each of the two flasks, until the brown color is nearly 
dcstroj'ed. and is then followed by the addition of one drop 
of starch solution, (a blue color will be produced, due to 
the action of the free iodine on the starch). The addition 
of the thiosulphitc solution is continued until the blue 
color is just destroyed. The aggregate number of cubic 
centimetres of thiosulphitc solution required in tlic operation 
\» noted. 

Suppose 23 c.c. of thiosulphitc solution were required for 
the iodine set free by tlic jicrnianganate in the distilled water. 
10 c.c, of permanganate solution were added to the 250 c.c. 
distilled water, and the pcrm-inganatc in the 10 c.c. is equiva- 
lent to 0,0008 gramme o.K>gcn. Therefore, as 2S c,c. thio- 
sulpliite solution arc equivalent to O.OOOS grimimc oxygen, 
I c.c. thiosulphitc solution is equivalent to 0.0008 -j- 26 = 
U.0OU032 gramme <i.vygcn. 

Suppose 20 c.c. of thiosulphitc solution were required for 
ihe free iodine in th^ 250 c.c. water under examination. 25 , 
c.c. of thip.iulphite solution were required for the control test 
with distilled water. 5 c.c. less thiosulphite solution were 
required for the water under e.vamination than in the control 
test with distilled water, hence some of the {lermanganate 
mtiNt have been decomposed by the organic niatler in llie 
water, A-t the value of t c.c. of thiosulphite solution ex- 
pressed in oxygen units in this particular experiment is 
U.00003ii gramme, 6 X 0.1X10032 = 0,0001(1 gnimme o.xygeii 
was coaiumed in one hour by the organic ninller in the 250 1 
c.c. water, or — 

4 X 0,00016 = 0.O00(i-t grm. oxygen by 1000 c.c. wutcr. 
1000 X O.OOOM = 0,64 " " 1 ,000,000 

After the lapse of three hours the liquid's in the remaining 
ivto tlasks— containing respecltx'cly the distilled M-atcr for the 
control test and the water under examination — are treated 
exactly as above described. 
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In reporting the result of the examination, the amount ol < 
oxygen consumed in one hour and also the amount of oxygen 
consumud in three hours by the water under examination, ; 
reported, 

A water requiring over 0.2-5 part of oxygen (equivalent tol 
part potassium permanganate), to oxidize the organic mailer 
contained in 100,000 parts of the water, is considered unfit for 
domestic purposes. 

The presence of reducing substances, such as nitrites, ferrous 
salts, hydrogen sulphide, etc., interferes with the permanganate 
or oxygen process for organic matter in water. 

The permanganate or oxygen process does not tell the 
nature of the organic matter, and as the quantity of perman- 
ganate reduced by different kinds of organic matter is very 
variable, it therefore follows that only when the organic matter 
is of the same kind can comparable results be obtained by this 
method. 

Wanklyn'B ammonia process : In this process the nitro- 
genous organic matter in water is measured by the quantity of 
ammonia yielded by the destruction of tlie organic matter. 

The ammonia is determined by the intensity of coloration 
produced with Nessler's reagent, by which 1 part of ammonia 
in 100,000,000 parts of water can be recognized. 

The determination of ammonia in water is of great inifKJrt- 
ance, as the presence of this com[>ound in any but very minute 
quantity is generally indicative of recent pollution with 
animal organic matters. The amount of ammonia in sewage 
usually varies from 2 to 10 parts per lOO.OiX), and in waters 
polluted by sewage between even stili wider limits. In shallow 
well water it varies from to 2.75 parts per 100,000 parts of 
water. The presence of ammonia in deep well water is less 
suspicious, as it is there often derived from the reduction of 
nitrates. 

The ammonia, in solution as such or in combination, which 
has resulted from the decomposition of nitrogenous organic 
matter in the water is termed free ammonia. The ammonia 
resulting from the destruction uf the nitrogenous organic 
matter by treatment with certain reagents is termed albuminoid 
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Reagents: 1. Nessler's Reagent. 

50 grammes potassium iodide (KI) are dissolved in 100 c.c. 
of distillfd water and a saturated solution of mercuric chloride 
(HgCU) is added to it until a slight permanent precipitate is 
formed. (50 grammes KI will require about 22 grammes 
HgClj.) 100 grammes of sodium hydroxide, NaOH, or of 
KOH, are dissolved in 100 c.c. of distilled water and added to 
the potassium iodide and mercuric chloride solution, and the 
whole diluted with distilled water to 1000 c.c. After subsi- 
dence, the clear yellowish liquid is decanted off and kept in a. 
stoppered bottle ready for use. 

On adding the mercuric chloride solution to the potassium 
iodide solution the following reaction occurs: 

4KI + HgCl, = 2KC1 + (KI),HgL. 

The action of the ammoniafNH,)on Nessler's solution may 
be represented — 

M<j)«. Wi. IT. 

NH, + 2(KI),HgU + 3K0H ^ 

NHg,I,H,0 + TKI + 2HjO. 
17 parts of NHj produce 5.59 parts of NHgjI.HjO. 

2. Water free from ammonia.. 

Distilled water, or ordinarily j^ood water, is treated with 
potassium hydroxide, KOH, or sodium hydroxide, NaOH, and 
potassium permanganate, KjMnjO,, and allowed to stand 24 
hours. It is then distilled, and small portions of the distillate 
arc collected at intervals and tested with Nessler's reagent. 
The distillate is rejected as long as it produces a coloration 
with Nessler's reagent. The distillate, free from ammonia, is 
collected in bottles and kept ready for use. The distillation 
must not be pushed too far, otherwise the final portions of the 
distillate may contain ammonia resulting from the decompo- 
sidon of organic substances In the retort. 

3. Standard solution of ammonium chloride, NH,C1. 
Molecular weight of NH.Cl = M5. 




weight of NH.Cl- 
" NH, - 



NH,Cl correspond to 17 parts by weight 
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To determine the quantity of ammonium chloride ntcessary 
to prepare 1000 c.c. of solution so that 1 c.c. of it shall contain 
a quantity of ammonium chloride, NH,C1. corresponding to 
0.00001 gramme ammonia, NH„ the following proportion is 
employed : 

NH,. NH,a. NH, NH.U 

17 : 63.5 :; 0.010:0.0315 grm, containing 0.010 grm. NH^. 

0.0315 gramme ammonium chloride is dissolved in 1000 c.c 
of water free from ammonia. 



1000 C.C. = 0.0315 ^ 0.010 
100 C.C. = 0.00315 =0.001 
10 c.c. = 0.000315 =0.0001 
1 c.c. = 0.0000315 = 0.00001 

4. Solution of potassium permanganate and potassium 
hydroxide to decompose nitrogenous organic matter and set 
"albuminoid ammonia" free. > 

8 grammes of potassium pennanganate and 200 grammes 
of solid potassium hydroxide are dissolved in 1000 c.c, of 
distilled water. The solution is boiled in a retort for some 
time, in order to get rid of all traces of ammonia and nitro- 
genous organic matter. The distillate is tested at intervals 
with Nessler's reagent until, finally, a portion of the distillate 
is found to be free from ammonia. When cool, the solu- 
tion in the retort is diluted to 1000 c.c, by the addition 
of water free from ammonia, and placed in well-stoppered 
bottles. 

5. A saturated solution of sodium carbonate, NajCO,. 
Dry sodium carbonate is heated for one hour in a platinum 

dish, without fusing, thereby driving off any ammonia Jhat 
may have been contained in the carbonate. An excess of the. 
carbonate treated as above is boiled with distilled water and | 
the solution preserved in bottles. 

Method: oOO c.c. of the water under examination are 
placed in a clean retort of about \\ litres capacity, to which a 
Liebig's condenser is attached. 10 c.c. of the saturated sodium 
carbonate snlution are added, and the distillation is proceeded 
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with, the retort being heated with the free flame of a Bunsen 
burner. The distillation should be slow. The distillate is 
collected in colorless glass cylinders of about 75 c.c. capacity. 
Distillation is continued until 50 c.c. of distillate have been 
collected in each of 3 cylinders, — 150 c.c. in the aggregate. 
The whole of the free ammonia, unless an excessive amount 
be present, is contained in the first three cylinders of distillate. 
The three cylinders are covered with watch-glasses and stood 
aside. 

The distillation is stopped a moment, and 50 c.c. of the 
solution containing potassium permanganate and potassium 
hydroxide are added to the 350 c.c. of water remaining in 
the retort, and the distillation is continued. The distillate 
which now comes over contains the ammonia, termed "albu- 
minoid ammonia," derived from the decomposition of the 
nitrogenous organic matter in the water, and is collected in 
glass cylinders of about 75 c.c. capacity. Distillation is con- 
tinued, and the distillate collected in 50 c.c. portions until a 
final portion is obtained which fails to respond to Nessler's 
test- (1 c.c. of Nessler's reagent is employed in testing.) 
The cylinders containing the distillate are covered with watch- 
glasses and stood aside. 

On the addition of Nessler's reagent to a solution con- 
taining ammonia, a color ranging from yellow to brown is 
produced, varj-ing in intensity with the quantity of ammonia 
present. 

The free and tht- albuminoid ammonia, obtained from the 
water, arc determined by comparing the intensity of color 
produced on the addition of 1 c.c. Nessler's reagent to each 
cylinder containing 50 c.c. of distillate, and that produced by 
1 c.c. Nessler's reagent placed in 50 c.c. of water in which there 
is a known volume of standard ammonium chloride solution 
containing a definite quantity of ammonia. 

Different volumes of standard ammonium chloride solu- 
tion, containing definite quantities of ammonia, are placed in 
each of a series of 6 or 8 colorless glass cylinders, and 
diluted, in each case, with water free from ammonia, to a 
volume of 50 c.c. To each cylinder 1 c.c, of Nessler's reagent 
is added. 
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Example: 

No. containing 50 c.C water free from ammonia + 1 c.c. of J 
Nessler's reagent for comparison. 

One c.c. of Nessler's reagent is added to each of the follow- j 
ing cylinders: 

No. 1 containing 1 c.c. standard NH.Cl sol.= 0.00001 grm.XH,. j 

No. 2 ■' 2 " " ■' ■' = 0.00002 

No. 3 " .*} '• " , '■ " =0.00003 

No. 4 " 5 ■' ■' " " =0.00005 

No. 5 ■' 7 ■■ '• " " =0.00007 

No. 6 ■' W '■ ■' •■ " =0.00009 

Example : 1 c.c. of Nessler's reagent is added to the 
distillate containing the free ammonia in each of the first 
series of three cylinders. The color produced is compared 
with the shades of color in the cylinders holding standard 
ammonium chloride solution, containing a known quantity of 
ammonia. 

Suppose the intensity of color produced in tlie first of the 
three cylinders corresponds with the color in cylinder No. 5 
of the standard ammonia solution, the second cylinder with 
No. 3 of the standard solution and the third with No. 1 of 
the standard solution. Then, of free ammonia there is 
present — 

Jst cylinder (c<„r=.po«^. w„h No 5. >,i.ndi.rd .i»v=i = 0,00007 grm, NH» ] 

2d ■■ J, ■■ =0,(XH)03 " " 

3d ■' I. ■■ ■■ = 0.00001 " •■ 

Total free ammonia in ~ 

500 c.c. of the water — O.OOOl 1 grm. 

O.OLWn X 2 = 0.00022 part per KXK) parts water, 

0.1)0022x1000 = 0.22 ■' " 1.000.000 " 

In a similar manner 1 c.c. of Nessler's reagent is added to 
the distillate containing the albuminoid ammoni a in 

the second series of cylinders. 
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Suppose the intensities of color produced in the cylinders 

correspond as follows : 

1 St cylinder ico™pond. *iih No. a, .undani. p>ge 88) = 0.00U09 grm. NHj. 

2d ■' ■■ ■' =0.00005 " " 

:id " 1. ■■ ■■ =0.00001 " " 

Total albuminoid ammonia in ■ 

500 C.C. of the water = 0.0OO15 grm. 

0.00015 X 2 = 0.0003 part per 1000 parts water. 

OOOa^ X 1000 = 0,3 " ■' 1,000.000 •' 

Water yielding from 0.00 to 0,05 part albuminoid ammonia 
per 1,000,000 parts of water is classed as a very pure water. 
Water yielding from 0,0-'> to 0.10 part albuminoid ammonia 
per million parts of water is classed as somewhat doubtful. 
When it yields 0.10 to 0.16 part per million it is classed as very 
suspicious; and when it yields over 0.16 part per million of 
albuminoid ammonia it is classed as absolutely unfit for 
domestic u,se. 

Determination of the Total Nitrogen of the- Organic Matter In 
Water by Converting It Into Ammonia by Kjeldahl's Method. 

Method : 500 c.c. of the water are placed in a flask, which 
is then attached to a Liebig's condenser and heated until 200 
C.c. have distilled over. In this volume of 200 c,c. the quan- 
tity of free ammonia is determined by Nesslerizing, as in 
Wanklyn's process. The water remaining in the flask is 
cooled, and 10 c.c. of concentrated sulphuric acid arc added 
and thoroughly mixed by agitating the flask. The flask is now 
inclined and the liquid boiled until it has a syrupy appearance 
and the water has been wholly expelled. The latter point Is 
determined by the liquid in the flask becoming pale yellow in 
color or colorless. The flask is removed from the flame and 
powdered potassium permanganate is added, in small portions 
at a time, until the liquid becomes green in color (if purple, 
the water was not completely expelled). The liquid Is now 
cooled, and 200 c,c. of water, free from ammonia, and 100 cc. 
of sodium hydroxide solution (strength 1—5) are added, and 
the flask is again connected with a Liebig's condenser. The 
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liquid is distilled, slowly at first, into dilute hydrochloric 
until about 5(1 ex. are distilled, and then tlie dehvery tube is 
rinsed, and distillation is continued until 150 or 175 c.c. 
inclusive of the first- mentioned 50 ex., have distilled over. 
The aggregate volume distilled is diluted with water, free from 
ammonia, to a volume of 250 ex., and from this 60 c.c. are 
taken and Nesslerized after the manner described in Wan- 
klyn's ammonia process (page 88). 

The sodium hydroxide solution used in the above method is 
prepared by dissolving 200 grammes of sodium hydroxide and 
2 grammes of potassium permanganate in 1250 c.e. of distilled 
water, and boiling until the volume is reduced to lOOO c,c. or 
less. (If less, it is to be diluted with water, free from amnif 
nia, to 1000 c.c.) 



QuantiUtive Determination of Nitrites In Water. 



Gricss' Method depends upon the production of an intense 
rose-red color, due to the formation of azobcnzolnaphthyU 
amine sulphonic acid, on the addition of sulphanilic acid 
followed by naphthylamine hydrochloride to an acidified solu- 
tion of a nitrite. 

By this method 1 part of nitrous acid may be detected in 
100,0(M),(M)n parts of water (100 ex. of the water being used). 

Reagents required : 1. Sulphanilic acid, 1 part of the acid 
dissolved in ITO parts of water. 

2. Naphthylamine hydrochloride, I part of the salt dissolved 
in 101!) parts of water. 

3. A solution of potassium nitrite, KNO^. so that 1 ex. shall 
contain 0.0<XX)1 gramme nitrous oxide, N^Oj. 

4. Dilute sulphuric acid, 1 part of sulphuric acid with 2 parts 
of water. 

Preparation of the standard solution of potassium 
nitrite, KNOj! Argentic nitrite, a compound easily weighed, 
is selected for this purpose. The required quantity of argentic 
nitrite is weighed off, dissolved in water, and treated with a 
quantity of potassium chloride adequate to completely preci- 
pitate the silver of the argentic nitrite in the solution. Doul 
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I decomposition occurs, the silver is precipitated and the nitrous 
I acid remains in solution in combination with potassium as 
potassinm nitrite. 

To determine the quantity of argentic nitrite neccssarj' to 
prepare HXK) c.c. of standard solution so that each cubic centi- 
metre shall cont;un 1.00001 gramme N,Oi, the following pro- 
1 jKJrtion Ls employed : 

N,p> AtMO, XiOi AcMO,. 

76 ; 308 :: 0.010 : 0.0406 gramme 

I O.0405 gramme of argentic nitrite is dissolved in hot water. 

, potassium chloride added, in slight excess, to precipitate the 
silver, and the whole diluted to 1000 c.c. When the argentic 
chloride has subsided, the supernatant clear liquid is decanted 
and prescr\'ed for use. 

MiOi 

1000 C.C. of the solution = 0.01 
100 C.C. " ■• = O.OOl 

10 C.c ■■ " =0.0001 

1 c.c ■■ '■ = 0.00001 

Method : 100 c.c. of the water under examination are 
J placed in a colorless glass cylinder, and a few drops of dilute 
I sulphuric acid arc added, followed by the addition of 2 c.c, of 
I -sulphanilic acid and 2 c.c. of naphlhylaminc h>-drochloridc 
I solutions. 

Immediately after the above operation, different volumes 

j (0.3 to 2.5 c.c.) of standard nitrite solution are placed in several 

[ colorless glass cylinders, each cylinder filled to 100 c.c. with 

I tWstilled water, and to each consccuti*-el>- arc added a few drops 

of dilute sulphuric acid. 2 c.c. sulphani'ic acid and '1 c.c. of 

najihthylaminc hydrochloride solutions. 

On standing twentj* minutes, the intcnsitj' of rose-red color 
I produced in the water under e.Kamination is compared with the 
I color produced in tlic distilled water containing known quanti- 
I ties of nitrite. The quantity' of nitrite is calculated in a man- 
J ner similar to that employed in determining the quantity of 
I ammonia witli Ncssler's reagent (page ^f>). 

According to the recent observations of llosivaj', the 
I regents in Gricss' Method may be prciiared aa follows : 



1. Dissolve 0.5 gramme of sulphanilic acid in 150 c,c. 
dilute acetic acid. 

2. Boil 0.1 gramme Of naphthylamine hydrochloride in 20 
c,c. water; decant the colorless liquid and add 150 c.c. of 
dilute acetic acid. 

Application: To 50 c.c. of the water under examination, 
add about 2 c.c. of sulphanilic acid solution, then about an 
L-qual volume of naphthylamine hydrochloride solution. If 
the water contains NjO,, even in the proportion of 1 in 1,000,- 
000,000 parts of water, the mixture will acquire a red colora- 
tion in about one minute. 

The reaction is equally delicate if the reagents be 
before being added to the water. 



HYDROGEN PEROXIDE. HA- 
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Molecular weight, 34. Dt-'nsity in liquid state, l.-lo. 

History : Discovered by Thenard in 1818 and investigated 
by Brodie and by Schoenbein in 1850. 

Preparation: Barium peroxide, BaOj. is mixed with water 
and then treated with dilute hydrochloric acid, sulphuric acid, 
or phosphoric acid. 



BaO, ~ 2HC1 = 
BaO, + H^O, - 
BaO, 4 H,PO. = 



BaCl, -i- HjO,. 
BaSO. -f H,0, 
BaHPO, + H,0^ 



The hydrogen peroxide is obtained from the mixture by 
agitating it with ethyl ether, allowing the latter to separate as 
a layer above the water, then decanting and allowing the 
ether to evaporate at ordinary temperature. Hydrogen per- 
oxide, which was dissolved by the ether, will remain in the 
vessel. 

Properties : (a) Physical. A colorless and, when concen- 
trated, sjrupy liquid, having a slight odor resembling that of 
a dilute solution of chlorine. 

It has a bleaching action on the skin, and in concentrated 
form has corrosive action, with the production of a painful sore, 

When healed it undergoes d ceo m {position. 
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(A) Chemical. In contact with onone decomposition occurs, 
water is produced and oxygen is set free. 

H,Oj + O, = H,0 + 20,. 
It is a powerful oxidizing agent, converting certain lower 
oxides of the elements into higher oxides. 

As,0, + H,0, = AsjO, + H,. 
It also acts as a reducing agent, reducing certain oxides of 
the metals to the metallic slate. 

Ag,0 + H,0, = Ag, + H,0 + O,. 
Tests: 1. It liberates iodine from potassium iodide. 

SKI ^ HA = 2K0H + I,. 
Ozone acts similarly upon potassium iodide. 

O, J- 2KI + H,0 = 2K0H + O, + I,. 

2. Ozone tarnishes a bright surface of metallic silver ; hydro- 
gen peroxide does not. 

3. Hydrogen peroxide reduces chromic acid. HjCrO,. to 
perchromic acid HjCrjO,. 

H,Oj + 2H,CrO. = 2H,0 + H,Cr,0,. 
The perchromic acid imparts a blue color to the liquid. 
It reduces permanganic acid, or permanganates. 

K,MnA+ HA- ■ -lH,SO,= KjSO,+ 2MnS0.+ 4H,0-[-:iO,. 

This action is taken advantage of in the quantitative deter- 
mination of HjOj. 

Uses of H;0. : It has been employed in medicine exter- 
nally as a lotion and internally in cases of diabetes mellitus 
and oxaluria. Lately it has come into favor as a disinfecting 
agent in cleansing abscess cavities, etc. 

It is the chief constituent of the liquids used for bleaching 
hair, such as "' Golden Hair Dye," etc. 

Hydrogen peroxide is employed in the detection of blood 
slain.s. When H^Oj is added to an alcoholic solution of 
guaiacum containing blood -coloring matter, a beautiful blue 
Culor.itioii is produced. 
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Practical application of the test : The suspected bl< 

stain is moistened with an alcoholic solution of guaiaciim, and 
then with a few drops of an ethereal solution of hydrogen 
peroxide. If blood-coloring matter be present, a blue color 
will be promptly produced. It must be remembered that 
substances other than blood-coloring matter, under the same 
conditions, will yield a blue color; but the coloring matter of 
the blood is the only red substance known that, under these 
conditions, will promptly yield a blue color. 

This test serves simply to indicate that the coloring matter 
of blood is present, and does not enable us to distinguish the 
blood of one animal from that of another. 

The only method yet known for discriminating between the 
blood of diflerent animals is by means of the microscope in 
determining the form and size of the blood corpuscles, But 
even this instrument does not enable us to determine positively 
from which particular animal the blood was derived; thus, 
several animals have blood corpuscles not only of like form 
but practically of the same size as those found 
j^jij- of an inch in diameter. 



NITROGEN. N. 

rweight, '28. Equivalent" 



Atomicweight, 14. Moleculi 
14. Valence I, III, V, 

14 grammes of nitrogen measure 11.16 litres. 1 litre wei 
1,256 gramme. Specific gravity compared with air, 0.971. 

History: In 1772 Rutherford, impressed by the change 
produced in atmospheric air by respiration, suggested that It 
was composed of two gases, and not an element, and that in 
the act of breathing, one of these gases was abstracted. The 
gas remaining was called by Rutherford mephitic air. Priest- 
ley called it phlog^sticated air. Scheele and Lavoisier, in 
1777, independently, proved that air was a mixture of the 
newly discovered oxygen with another gas, which Lavoisier 
called azote. Cavendish, in 17Sy, recognized it as oi 
the constituents of nitre, and, therefore, named it nitrogei 

Natural history: It is found in the free state in air. 
L^ of air is nitrogen) and in gaseous emanations from vol 
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It is found in combination in nitrates and in ammonia. It is 
present in small quantities, in combination, in most products of 
plant life — as in albumin, alkaloids, etc. In the animal king- 
dom it is found in combination in all fluids and tissues. It is 
one of the products (in the form of ammonia) of the decom- 
position of many nitrogenous organic substances. 

In itself it is an inert substance, but some of its combina- 
tions with other elements are most virulent poisons, as cyano- 
gen, CN. and the alkaloids, strychnine, brucine, etc. 

Preparation: 1. By burning' phosphorus in air thereby 
^ibstractiny oxygen from the air. The phosphorus combines 
with the oxygen to form phosphoric anhydride, PjOj, leaving 
nitrogen free. 

2. By passing chlorine through a solution containing an 
excess of ammoniacal gas. 

4NH, + 3C1 = 3NH,Cl + N. 
In this method care must be exercised that an excess of 
chlorine is not passed through the solution, because of its 
liability to form nitrogen trichloride, NCIj, a highly explosive 
compound. 

3. By heating ammonium nitrate with finely divided metallic 

NH^NO, -F Zn = ZnO + 2H,0 + N,. 

4. By heating a mixture of ammonium chloride and potas- 
sium nitrite. 

NH.Cl + KNO, ^ KCl -i- 2H,0 + N,, 
■5. By heating ammonium nitrite. 

NH.NO, = 2H.0-f- N.. • 

Ij, By slowly passing a current of air over red-hot metallic 
copper, 

N ^- O + Cu =- CuO + N. 

In this method, if the air be mixed with ammoniacal gas, 
ihe process will become a continuous one, thus — 
2NH, + 3CuO = 3H3O 4- Cu, + N,. 

Physical properties: A colorless, tasteless, odorless gas, 
neither combustible nor a supporter of combustion. Very 
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slightly soluble in water. Water dissolves about "2 per 
by volume, of nitrogen. 

Its critical temperature is about — 141)° C, and its critical 
pressure is about 33 atmospheres. Under these conditions it 
becomes liquid. 

Physiological properties: It is not poisonous in itself — 
we breathe it daily with oxygen as air — ^but an animal placed 
in an atmosphere composed wholly of nitrogen dies because 
of the absence of oxygen. In air it sen'es as a diluent of 
oxygen. 

Chemical properties: It is an extremely inert substance. 
combining directly with only a few elements. A mixture of 
nitrogen and hydrogen will remain uncombined, but when 
these gases are in the nascent state they enter into combination 
to fomi ammonia. NH,,. 

Special characteristics : It is recognized chiefly by its 
negative properties. It is neither combustible nor a supporter 
of combustion. 

Its presence in an organic substance may be determined, 
provided it is not present as an oxide, by heating the substance 
with a fixed alkali — ^.soda-lime. The nitrogen will be evolved 
in combination as ammonia, \Hj, which latter may be detected 
by its odor, etc. If in combination as an oxide it may be 
detected by heating the organic substance with metallic sodium. 
A cyanide of sodium will be formed, which may be detected 
by the usual tests for a cyanide. 

Nitrogen in combination as ammonium may be detected by- 
warming the compound with sodium hydroxide. Ammoniacal 
pas will be evolved. ^^ 

ATMOSPHERIC AIR. ^H 

Special history : The ancient alchemists considered air to 
be one of the four elements. In 1772 Rutherford discovered 
nitrogen, in 1774 Priestle)' discovered oxj'^en, and in 1777 
I^U'oisier proved that air consisted of these two gases — nitro- 
gen and oxygen. 

The nitrogen an<l oxygen in Mr arc not in che mical com- 
bin^ttion. but siuijilv mixed uiecbanically. 
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Determin&tion of the composition of air: I. By slowly- 
passing a known volume of air over a weighed quantity of red-' 
hot metallic copper, the oxy^jen will be retained by the copper 
forming cupric oxide, and nitrogen will pass uncombined. 
The increase in the weight of the copper after the operation 
will indicate the quantity of oxygen taken up, and the uncom- 
bined gas collected in a eudiometer will indicate the quantity 
of nitrogen in the given volume of air. 

2. By the slow absorption of oxygen by phosphorus. A 
eudiometer containing a known volume of air is inverted over 
water and a piece of phosphorus placed in it. Slow oxidation 
of the phosphorus takes place with the absorption of oxygen 
to form phosphoric anhydride, which, with the water present, 
remains in solution as phosphoric acid. The nitrogen remains 
unabsorbed. Diminution of volume of the original air occurs, 
and for every 21 volumes of oxygen absorbed 79 volumes of 
nitrogen remain. 

3. By means of an alkaline solution of pyrogallic acid. The 
o."iygen of the air will be absorbed by the solution, the nitro- 
gen remaining unabsorbed. 

4. By exploding air with hydrogen in a eudiometer. 
Example: Suppose 100 volumes of air are placed in a 

eudiometer and 50 volumes of hydrogen added to it. The 
total volume of gas in the eudiometer is now 150 volumes. 
On passing an electric .spark, through the mixture, the oxygen 
combines with a sufficient quantity of hydrogen to form vapor. 
of water, which is condensed, thus causing a diminution of 
the original volume. The 150 volumes diminish to 87 
volumes. 

150 — 87 = 63 volumes lost. 
Of the 63 volumes lost, due to condensed vapor of water, one- 
third is oxygen, hence 63 -i- 3 = 21 volumes of oxygen in 100 
volumes of air. 

Oxygen and nitrogen are the chief constituents of air. They 
are present in the proportion : 



Oxygen, . . ZO.BBS per t 
NUc^cn, . 70.102 



t. {approi. 21-0) 



23.01 pet cent, (appioi. 2.^.0) 
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Percentage of Oxygen and Nitrogen In the Air According to t 
% Analyses of Different Investigators. 





o.«. 


N-.K».«. 


JJ^^ 


S0.81 
20.96 

20.ee 

20.02 
20.SS 
20.98 
20.8S8 


79.19 
79.04 
79.11 
79.08 
70.12 
79.07 
76,102 


Regnauh 








Average, 



In addition to oxygen and nitrogen, other substances arc 
present in small quantities in the air, namely — 

Aqueous vapor; The quantity of aqueous vapor present 
varies considerably with the temperature of the air. 

Carbon dioxide, resulting from combustion, respiration, and 
from gases of volcanic origin, etc. It is present in the propor- 
tion of from 2 lo 4 parts per 10,000 parts of air (0.02 to 0.04 
per cent.). Plants take up the carbon of carbon dioxide, 
setting the oxygen free, thereby preventing an accumulation 
of the ga.s in the air. Carbon dio.vide may be delected by 
passing the air or gas containing it through a solution of barium 
hydroxide or calcium hydroxide. The production of a turbid- 
ity, due to the formation of barium or calcium carbonate. 
indicates the presence of the gas. 

Ammoniacal gaa, NHj: Arising from the decomposition of 
nitrogenous organic substances. 

Hydrogen sulphide, WS : This gas can hardly be con- 
sidered a normal constituent of air. It is present in the air of 
certain localities, i.e., in the neighborhood of volcanoes and in 
tile air of cities. It occurs in the air of cities as the result of 
the burning of coal of which sulphur is a constituent. It is 
also derived from springs of sulphuretted water. 

Sulphurous anhydride, SO,, and sulphuric acid. H^SO,, 
are always present in the atmosphere surrounding towns, and 
arc derived from the sulphur oxidized in the burning of coal. 



^ 
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Only three oxides of nitrogen combine with the elements 
of water to form acids, namely : 



rpoDiuoui o» 


dt. 




Hyponi.™^.Ac 


N,0 


+ 


H,0 


= 2HN0. 


Nimui Oiide 






NlCou. Asid. 


NA 


+ 


H.O 


= 2HN0, 


NhflcO.io 






Nitric Add. 


NA 


+ 


H,0 


= 2HN0,. 



NITRIC OXIDE OR ANHYDRIDE, NjOjr VV^ 0^ ^ 

Molecular weight, lOS. 

It is the most important of the oxides of nitrogen. 

Special history : It was recognized by Geber in the seventh 
century. In 1785 Cavendish determined that, in combination 
as nitric acid, it was composed of nitrogen and oxygen. Gay- 
Lussac and Davy determined the proportions in which the 
nitrogen and oxygen were present, and in 1849 Deville isolated 
the compound. 

Natural history : It is never found in the free state in 
nature, but always in combination as native nitrates, almost 
entirely as potassium nitrate, KNOj (saltpetre), or sodium 
nitrate, NaNOj (Chili saltpetre). It is found in small quantity 
in the atmosphere in combination as nitric acid, or as am- 
monium nitrate. It is also, in combination as a nitrate, a 
constituent of many vegetable juices. 

Preparation : It is formed when a discharge of electricity 
occurs in the atmosphere, and is also one of the products of 
the decomposition of vegetable and animal nitrogenous ot^anic 
substances. 

The method usually employed for its preparation is to pass 
dry chlorine over hot argentic nitrate, AgNOj. 

2AgN0, + CI, = 2AgCI + N,0, + O. 

Properties : Below a temperature of 30° C. it is a colorless, 
crystalline solid. It melts at 30° C. and boils at 45° C. Its 
specific gravity in the solid state is 1.64, and in the hquid state 
l.fi3. 



NOTES ON CHEMICAL LECTURES. 101 

It has an intense affinity for water, combining with it to 
form nitric acid, the combination being attended with great 
increase of temperature. One molecule of NjO, unites with 
one molecule of H,0 to form two molecules of nitric acid. 



NITRIC ACID, HNO,. (AQUA FORTIS.) 

Molecular weight, 63. 

Preparation; By heating a native nitrate, as potassium or 
sodium nitrate, In a retort with sulphuric acid. 

Add pQUUmm Sulphaie. 

1. KNO, + HjSOl = KHSO« + HNOj. 

Neulnl Pouuiam Sulphilc 

2. 2KN0, + H^O, = K^O. + 2HNOj. 
8. 2NaN0, + H,SO, = Na,SO. ^ + 2HN0j. 

Nitric acid distills over and is collected in a receiver. Some 
of the lower oxides of nitrogen usually collect with the nitric 
acid in the receiver, and are removed by passing a stream of 
pure, dry air through the acid. 

In preparing the acid commercially, the molecular propor- 
tions (one molecule of KNO, and one molecule of H,SOj), as 
given in the first reaction, are preferred to the second, because, 
owing to its greater solubility, the acid potassium sulphate 
produced in the reaction is more easily removed from the 
retort than neutral potassium sulphate. 

Sodium nitrate is preferred in the commercial preparation 
of the acid, because it yields a greater amount of the acid. 

Contaminations : Nitric acid may be contaminated with 
sulphuric acid which may have been carried over mechanically 
from the retort. To test for it, the nitric acid is considerably 
diluted with water, and a solution of barium chloride added. 
A white cloudiness, or a white precipitate, indicates the pres- 
ence of sulphuric acid. 

The acid may contain chlorine in combination as hydro- 
chloric acid. To test for it, the nitric acid is diluted with 
water; and argentic nitrate solution added. A white cloudi- 
ness, or a curd-like precipitate, indicates the presence of 
chlorine. It may contain iron, which may be tested for by 
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diluting the acid with water, partly neutralizing with pure 
sodium or potassium carbonate, and testing with potassium 
sulphocyanide. A ruby-red color indicates the presence of iron. 

Nitric acid may contain arsenic, derived from the sulphuric 
acid employed in its preparation. The acid may be tested for 
arsenic by diluting it with water, ncutrahzing with sodium 
carbonate and applying Marsh's test. 

Properties : Nitric acid is a liquid which, in its most I 
concentrated form (mono-hydrate), has a specific gravity of 
1.517. The acid of this specific gravity boils at a temperature 
of 84° C. This, however, is not its true boiling point, the 
ebullition being due to the decomposition of NjOg. 

The ordinary nitric acid found in commerce is thetrihydrate 
(HjO)jNjOj, having a specific gravity of 1.42. 

Fuming nitric acid is concentrated nitric acid containing 
lower oxides of nitrogen, as N,0, and NjO^. 

The ordinary nitric acid, HNOj, specific gravity 1.42, when 
pure, is a colorless liquid. The acid, when exposed to sunlight, 
becomes more or less yellow in color, and sometimes green of 
blue, due to the presence of oxides of nitrogen, resulting from 
the decomposition of a small portion of the acid. These 
oxides may be removed, and the acid rendered colorless, by ^ 
pa.ssing a stream of air through the liquid. 

It acts as a powerful oxidizing agent, owing to the large 
amount of oxygen it contains, which it readily parts with in 
oxidation. By its action iodine, sulphur, etc., are converted 
into their highest oxy-acids, whilst lower oxides, as sulphur- 
ous, arsenious and phosphorous oxides, are converted into 
higher oxides. Hot nitric acid oxidizes sulphur, with the 
formation of sulphuric acid. 

It decomposes organic bodies and stains substances of 
albuminous nature yellow. It decomposes the skin, with th« 
production of picric acid, which latter stains the skin yellow. 
An alkali brought in contact with the yellow skin intensifies 
the color. Iodine in contact with the skin produces a yellowish 
to brown stain, much like that produced by nitric acid. The 
stain produced by nitric acid is intensified in color by an alkali, 
whereas that produced by iodine disappears, owing to the 
formation of a colorless iodide of the alkali. 



t 
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Decomposition of nitric acid : It may be decomposed, 
wilh the elimination of water, as — 

P,Os + 6HN0, = 2HjP0, + 3NA. 

In this case the water eliminated combines with P,05 to form 
HjPO,, phosphoric acid. 

Action of the metals on nitric acid: The results pro- 
duced by the action of the metals on nitric acid vary. 

The metals may be arranged in five classes, according to 
their action on nitric acid, as follows: 

1. Metals which have no action upon the acid, as the noble 
metals, gold, platinum, etc. 

2. Metals which decompose the acid, with the formation of 
an oxide of the metal, water and nitrogen dioxide, NjOj, (nitro- 
gen peroxide), for example, tin and antimony. 

4HNOs + Sn = SnO, + 2HiO + 2N,0,- 

3. Metals which decompose the acid, with the formation of 
a nitrate of the metal, water and nitrous oxide, NjOj, for 
example, silver. 

6HN0, + 4Ag = 4AgNO, + 3H,0 + N.Oj. 

4. Metals which decompose the acid, with the formation of a 
nitrate of the metal, water and nitrogen protoxide, N,0,. for 
example, copper. 

8HN0, + 3Cu = 3Cu(N0j), + 4H,0 -f NA. 

5. Metals which decompose the acid, with the formation 
of a nitrate of the metal, water and hyponitrous oxide, N,0, 
for example, zinc. 

lOHNOj + 4Zn = 4Zn(N03)j + 5H,0 + NA 
When very strong nitric acid acts upon zinc, ammonia, NHj, 
is produced, which immediately combint;s with the excess of 
acid present to form ammonium nitrate. 

9HN0, + 4Zn ^ 4Zn(NOs), + 3H,0 + NH^. 
The general method of preparing a nitrate of a metal is to 
treat the metal with nitric acid. Nitrates of all the metals are 
possible except the noble metals, and tin, antimony, etc. 
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AH nitrates, except basic nitrates, are soluble in water. Thqrl 
undergo decomposition on the application of heat Nitrates § 
mixed with carbonaceous matter form mixtures which explode I 
on the application of heat. 

Example: Gunpowder, a mechanical mixture of a nitrate I 
of an alkali, usually potassium nitrate, KNO„ sulphur and 1 
powdered charcoal. When heat is applied, chemical change J 
occurs with explosive violence. The reaction may be repre- \ 
sented as follows : 



2KN0, 



- S = K^ + 3CO, + N,. 



Action of nitric acid on organic substances: 1. Nitric 
acid may combine with an organic substance to form a nitrate- 

2. It may act on an organic substance with the formation of 
a substitution product, as its action on cellulose, C(Hu,Oj, form- 
ing trinitro-cellulose. gun cotton, QHt(NO,)jOs, or on glycerin, 
CjHgOj. forming trinitro-glycerin, CsH.(NOj)jO,' 

CclluloH. GuB Callon. 

QH„0. + 3HN0, = QH/NO^Os + 3H,0. 

Ctjc«ln. Nilroglyccrin. 

C,H,0, + 3HNOj = CsHj(\0,)sOa + 3H,0. 

3. It may completely destroy the organic matter. 

Tests for nitric acid : A. In the free state (as nitric acid). 

1. Nitric acid heated with slips of copper foil undergoes 
decomposition, with the production of nitrogen protoxide, N,0^ 
which latter, in contact with the oxygen of the air, forms 
brownish-red fumes of nitrous oxide, NjO,. The liquid, at the 
same time, assumes a greenish tint. 

8HN0j -h 3Cu = 3Cu(NO^, -^ 4H,0 -|- N,0,. 
N,0, -f O = N A- 
In case the nitric acid be present in small quantity, the : 
reaction may be lacilitated and rendered more delicate by tha 
addition of sulphuric acid. 

Delicacy of the test, 1 part of HNO, in 1000 parts of water. 

2. When a solution of ferrous sulphate. FeSO,, is carefully 
poured down the side of a test-tube containing a cooled mix- 
ture of nitric acid and concentrated sulphuric acid, a brown- 
colored ring or mne is formed immediately at the point of 
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junction of the two liquids. The brown coloration is due to 
the presence of FeSO,{NO)j. Heat destroys the dark color. 
6FeS0, + 3H^0. •!• 2HN0j = 3Fe,(S0.)j + 4H,0 + N,0,- 

The liberated NjO, (2N0) combines with a molecule of 
FeSO,, forming the dark-colored compound FeSO((NO)j. 
FeSO, + N,0, = FeSO,(NO),. 

Delicacy of the test, 1 part of HNO, in 10,000 parts of 
water. 

3, Nitric acid added to brucine dissolved in concentrated 
sulphuric acid produces an intense red color. 1 part of brucine 
in 50,000 parts of water may be detected by this test. 

4. Nitric acid is precipitated by cinchonamine sulphate, as a 
white crystalline precipitate — cinchonamine nitrate. 1 part of 
nitric acid in 500 parts of water may be detected by this test. 
63 parts of nitric acid produce 359 parts of cinchonamine 
nitrate. 

B, In combination {as a nitrate). , 

1. A nitrate heated with sulphuric acid and a sHp of copper 
foil undergoes decomposition, with the production of brownish- 
red fumes of nitrous oxide, NjOj. 

2. When a solution of ferrous sulphate is carefully poured 
down the side of a tube containing a cooled mixture of a 
solution of a nitrate and sulphuric acid, a brown-colored ring 
or zone is produced at the point of junction of the two liquids. 

3. A solution of a nitrate, to which sulphuric acid has been 
added, when brought in contact with brucine, produces an 
intense blood-red color. 

HVPONITROUS OXIDE, N,0. 

Molecular weight, 44. 

44 grains measure 93.33 cubic inches. 44 grammes measure 
22.32 litres. 1 litre weighs 1.971 grammes. 
This gas is popularly known as nitrous oxide, or laughing 



Special history : Discovered by Priestley ir 
named it dephlogisttcated nitrous air. Davy ii 
in 1799, and called it nitrous oxide. 



1776. who 
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Natural history : It is not found in nature, being wholl]rl 

an artificially prepared compound. 

Preparation: ]. By heating ammonium nitrate, NH,NOii 

at a temperature of about 243° C. (470° R). 



Md1«. wi. so. 
NH.NO,= 



2H,0 -f N,0. 



80 parts by weight of ammonium nitrate furnish 44 parts by I 
weight of hyponitrous oxide. 

80 grains of NH.NO, furnish 93.33 cubic inches of NjO. 
80 grammes " •' 22.32 litres - " 

On heating the ammonium nitrate it first fuses (at a tempera- 
ture of 108° C), and on heating to a higher temperature, 
about 243° C, undergoes decomposition, with the production 
of water and the evolution of hyponitrous oxide. If the | 
temperature be above 260° C. (500° F.) other changes -will 1 
occur, nitric oxide and nitrogen being evolved. In heating the 1 
NHjNOj, a temperature just sufficient to fuse the compound 1 
and cause the evolution of gas should be employed. If ] 
ammonium chloride be present, the hyponitrous oxide will be 
contaminated with chlorine. The gas prepared for inhalation 
should always be purified by being passed through twoWoulfTs 
bottles containing respectively solutions of sodium hydroxide, 
NaOH, and ferrous sulphate, FeSO,. The sodium hydroxide ] 
removes acid vapors, and the ferrous sulphate removes nitrous ^ 
oxide, NjO,. 

The gas should be collected over warm water, as it is less | 
soluble in warm than in cold water. 

2. By the action of dilute nitric acid (specific gravity 1.2) 
on granulated zinc. This method is inferior to the one in 
which ammonium nitrate is employed. 

lOHNO, + -IZn -= 4Zn(N0j), + 5H,0 + N,0. 

Physical propertice: A colorless, odorless gas having a 
sweet taste. Its specific gravity, compared with air, is 1.52. 
It is freely soluble in water. 100 volumes of water at a 
temperature of lfi.5° C. (60° F.) absorb 78 volumes of the gas. 
It is liquefied under a pressure of 60 atmospheres at ordinary 
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I lemperature, under a pressure of 30 atmospheres at a tempera- 
I tiire of 0° C, and under a pressure of 1 atmosphere at a tem- 
[ perature of — 88° C. In the liquid state it has a specific gravity 
r of 0.937. Liquid hyponitrous oxide blisters the skin when 
[ brought in contact with it. It is not combustible, but Is a 
I supporter of combustion, due to its decomposition into nitrogen 
I and oxygen. A taper, charcoal, phosphorus, etc., bum in it 
I as vividly as in an atmosphere of oxygen. It is neces.sary that 
I the combustible body be burning freely when introduced, as 
I otherwise the temperature will be insufficient to decompose 
I the gas. 

Hyponitrous oxide may be distinguished from oxygen as 
! follows: 

1. It does not form brownish-red fumes of nitrous oxide, 
N,0,, with nitrogen protoxide, N,Oj. 

2. It is not absorbed by an alkaline solution of pyrogallic 
acid. 

3. It is much more soluble in water thamoxygen. 



Physiological properties: Its property of producing anaes- 
thesia was first observed by Sir Humphry Davy, April 11, 
1799, and was taken advantage of by him in having teeth 
extracted while under its influence. Because of its usually 
producing a condition of hilarity when inhaled, it was called 
"laughing gas.'' 

No further mention of its use as an anaesthetic agent 
appears until 1844, when Dr. Wells, of Connecticut, found 
that persons under its influence felt no pain while under- 

' going surgical operations. Since then it has been gen- 

' erally employed in performing minor surgical operations, 
especially in relieving the pain incident to the extraction ol 
teeth. ~ 

Ethyl ether was introduced as an anaesthetic by Dr Morton 

[ in 1846, and chloroform by Dr. Simpson in 1847, 

According to statistics, it is found that of the principal 

f anaesthetics hyponitrous oxide is the safest, it having proved 
fatal only in 1 case in 300,000 cases in which it was adminis- 
tered, while ethyl ether has proved fata! in I case in 23,700 

I cases, and chloroform in 1 case in 2873 cases. 
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HVPONITROUS ACID, MNO. 

This acid lias never been Isolated, it being known only in J 
combination with a metal as a hyponitrite. 

It is the o.xyacid of hyponitrous oxide, but cannot be;! 
produced bv the direct union of hyponitrous oxide and ivater,T 
thus : 

N,0 + H,O = 2HN0. 

It niaj' be produced, in combination with a metal as a hypo- 
■ nitrite, by treating sodium nitrate with sodium amalgam, thus; 

Sodium Sodium SodlLim Sodium 

Mintt. Amalgun. Uyponi trite Hydtoiidc. 

NaNOj + Na.Hg -[- 2H,0 = NaNO + 4NaOH + Hg. 
On neutralizing the alkaline solution thus produced, with 
acetic acid, and adding argentic nitrate, a yellow precipitate 
of argentic hyponitrite, AgNO. is formed, thus: 

Sadium Hyponilrilg. 

NaNO + AgNOa = NaNO, + AgNO. 



MTROQEN PROTOXIDE, NjOj or aNO. 

Molecular weight, 60. Specific gravity compared with ' 
hydrogen, 15. Therefore the molecular weight of the com- 
pound must be 30, and the molecular formula NO. 30 grammes rj 
of nitrogen protoxide measure 22.32 litres. 

Its specific gravity compared with air is 1.039. The mole- 
cule consists of 1 volume of nitrogen and 1 volume of oxygen 
without condensation, otherwise its specific gravity would be 
double what it really is; thus. 

Specific gravity of nitrogen, 0.972 

oxygen, 1.10 5 

" " the 2 volumes combined, . 2.077 

2.077 -^ 2 = 1.0388 = mean specific gravity of the two 
volumes. The observed specific gravity is 1.039. 

Special history : It was known to Priestley in 1773. Davy 
dclerminf.-d its compound nature. 

Natural history: It does not occur in nature, being pro- 
duced wholly by artificial moans. 



I 
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Preparation: 1. By the action of dilute nitric acid on 

metallic copper. 

3Cii + 8HN0, =3Cu{NOOs + 4H,0 i- NA- 

tt is not obtained in a pure state by this method. 
2. By decomposing potassium nitrate with ferrous sulphate 
in the presence of sulphuric acid. 

2KN0, + 6FeSO. + 4H^0, = 
SFc^SOJ, + K^O. -(-4H,0 -f-N,0,- 
It is obtained in a pure state by this method. 

Properties ; A colorless gas. In contact with oxygen (air) 
it forms brownish-red fumes of nitrous oxide, NjO». o"" of 
nitrogen dioxide, NjOj. 

N,0, + O = NjOj. 

It is neither combustible nor a supporter of combustion. If, 
however, the combustible body, when introduced, be burning 
sufficiently energetically to effect the decomposition of the i 
N,0„ combustion will take place. An ignited taper introduced I 
into an atmosphere of N,0, is immediately extinguished, 
because the temperature evolved in the combustion is not high 
enough to decompose the N,0^ On the other hand, if a piece 
of ignited phosphorus be introduced into the gas, the phos- 
phorus continues to burn, because tlje temperature evolved in 
the combustion is high enough to decompose the N,0, with | 
the liberation of oxygen. 

When an ignited taper is applied to a mixture of nitrogen 
protoxide, N^O,- ■■"<1 carbon disulphidc, CS,. combustion takes 
place with the production of an intensely white light. 

Nitrogen protoxide is a neutral substance. It dues not 
combine witli the elemeiiLi of water to form an acid. 

It is employed as a test for free oxygen and to distinguish 
between the two gaseous supporters of combustion, hypo- 
nitrous oxidi.-, N,0, and oxj-gen. With h>'panilrous oxide no 
change oceuni. whilst with free oxygen brownish-red fumes of 
N|Oi, or of NjO, are produced. 
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NITROUS OXIDE, NiO,. 

Molecular weight, 76. 
Preparation: 1. By mixing four volumes of dry nitrogen J 
protoxide, NjOj, with one volume of dry oxygen. 
N,0, H- O = N,0,, 
2. By the action of arsenious anhydride, A&,Oj, upon nitric^ 
acid. 

As,0, + 2HN0, = As,0. + H,0 + N,Oj. 

Properties : A brownish-red gas, condensing at a tempera 
ture of —18° C. to a blue liquid. 

It is capable of combining with the elements of water, if the . 
water be ice-cold, to form an acid — nitrous acid, HNOj. 
NA + H,0 = 2HN0^ 

The acid is verj' unstable. The addition of an excess of« 
water at ordinary temperature decomposes it into nitric acid-1 
and nitrogen protoxide. 

3N,0, + H,0 = 2HN0j -f 2N(0,. 

Nitrous acid forms salts called nitrites. 

Poi»«. Niuitt, 

HNO. + KOH = KNO, -fHA 
or NA + 2KOH = 2KN0, -f H,0. 
The nitrates of the fixed alkalies when heated give oflTl 
oxygen and are reduced to nitrites. 

KNO, = KNO, + O. 
Ail nitrites are soluble in water. Argentic nitrite, AgNOju J 
is the least soluble of the nitrites. 



NITROGEN DIOXIDE. N.O4, or aNOi- 

Molecular weight, 92. Specific gravity compared with 
hydrogen. 23 ; hence the molecular formula is NO,, molecular 
weight. 46. 

Preparation: 1. By mi.ving four volumes of nitrogen, prchtd 
toxide, N A> *'''' ***' volumes of oxygen. 

2NO -f O, = N,0. (or 2NO,). 
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2. By heating dry plumbic nitrate, Pb(NOj)i. 

2Pb(N0,)j = 2PbO + 2NjO. + Oj. 
Properties: A brownish-red ga-s. 

NITROOEN AND HYDROGEN. 

Nitrogen and hydrogen under ordinary conditions have Httle 
affinity for each other, but under certain conditions enter into 
combination to form ammonia, NHj. 



AMMONIA. NHj (known as Ammoniacal Oas). 

Molecular weight, 17. Specific gravity compared with 
hydrogen, 8.5. Specific gravity compared with air, 0.589. 17 
grammes measure 22,.'12 hires. 

It is the third hghtest substance known, the first being 
hydrogen and the second marsh gas, CH,. 

It consists of I volume of nitrogen and 3 volumes of hydro- 
gen condensed into 2 volumes. 

Special history: Us combination as ammonium chloride, 
NH,C1 (sal ammoniac), was known to Geber in the seventh 
century. Black, in 1756, studied its sahs,and in 1790 Priestley 
obtained it in the gaseous state. 

Natural history : It occurs in minute quantities in the air, 
especially after a thunder-storm, as ammonium nitrate NHjNOj, 
or as ammonium nitrite, NH,NOi. It is found in the soil as 
ammonium chloride. It is evolved in the decomposition of 
nitrogenous organic matter of animal origin in the presence of 
air and moisture. 

Example: 

Una. 

C0(NH,)3 + H,0 = 2NH3 + CO,. 

Iron, in rusting, decomposes the moisture of the air, the free 
hydrogen of which combines with atmospheric nitrogen to 
form ammonia. 

Whenever nitrogenous organic matter, in which the nitrogen 
is not present as an oxide, is heated with a fixed alkah, ammo- 
niacal gas is evolved. 



Ciklum Oiiik. Cddum Chloride. 








+ CaO = 


CaCl, -\- 


H,0 


-H 


2NH^ 


Sodium Hydraiide. 


Sadma CHIoridc. 








-1- NaOH = 


NaCl + 


H,0 


-f- 


NH^ 


ing nttrogeno 


us organic matter of 


animal origin 
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Preparation: 1. Amnioniacal gas may be obtaif^J 
heating ordinary aqua ammoniEe, 

NH.OH = Nlij + HjO. 

2. It may be obtained from any ammonium salt by Bcc 
it with a fixed alkali. 

AnnoD. Chlorid. 

2NH,C1 

NH.Cl 

3. By her 
with a 6xed alkali. 

4. By the destructive distillation of hom, coal, etc., in closed 
retorts. Most of the commercial ammonium salts are derived 
from the animoniacal liquor produced in the destructive distil- 
lation of coal in making ordinary illuminating gasi. 

Properties : A colorless gas, having a pungent odor and 
stronjf alkaline properties. 

It is not a supporter of combustion, and is only feebly com- 
bustible. In burning it, heat must be applied continuousljr] 
from an outside source. 

The oxidation of ammonia may be effected by introducing 
hot platinum wire into a mixture of the gas with oxygen. 



2NH, *r O, = NH.NO, ~ HA 
At a temperature of 10" C (SO" F.) the gas is condensed to 
X liquid under a pressure of (i atmospheres. At a temperature 
of — 10° C. ( — 10° F.) it is condensed to a liquid under a 
pressure of I atmosphere. The tiquid boils at a temperature 
of — ;io" C. When ammonia passes from the hquid to the 
gaseous state cold is produced, and in passing from the gaseous 
to the liquid stale heat is cvoK'cd. This property is made use 
of in producing icv artificially by mcaits of ice machines, liquid 
ammonia is firsi formed in suitable vessels, by condensing the 
gas, whkh liquid, in again becoming a gas, absorbs so much 
beat that the temperature of ihc brine surrounding the vessel 
ctmtaiuing the anmtonia. is sufficieiitly reduced to convert into 
ice tbc water uhich Is contained in the cans .'Suspended in the 
brine. 



d 
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The gas is exceedingly soluble in water. 1 volume of water 
l>at 0° C. (32° F.) absorbs 1050 volumes of the gas, 1 volume 
rof water at 16° C. (59° F.) absorbs 727 volumes of the gas, 
I this being about the strength of the stronger aqua ammoniac 
[of commerce. 

The aqueous solution of ammoniacal gas is also called 
ammonium hydroxide, NHjOH. 

The amount of NH, absorbed by water depends upon the 
temperature of the water and the pressure exerted upon it. 
The lower the temperature of the water the more gas it will 
absorb. On passing the gas into water the latter increases in 
volume and decreases in density. Water at 50° F., saturated 
with the gas, has a specific gravity of 0.876, and contains 32.5 
per cent, of NHj. 

Chemical relations of NH,: It is a basic compound, 
capable of entering into combination to form salts. 

1, It is capable of uniting directly with oxyacid radicals, 
thus: 

Sulphuric Anbirdridi. 



2NH, + SO, = N.H^O, 

CubDD Dioildc. Ai 

1. 2NH, + CO, = 

N,H,CO. + H,0 = 

N,H,CO, — H,0 = 

NHjCO, = CO 



(or(NHJ.SOJ. 

moo. CitbiDBte (Hypolhcllcul). 

N,H,CO,. 

Amman. Cuboiule. 

(NHJjCOj. 

CubinUc (Un*). 

CO(NH0,. 



NH,, , 

--,,j*'carbamic a 



True salts of NH, : 1. Ammonia, NHj, combines directly 
with acids to form salts without displacing the hydrogen of 
the acid. 

Amsiaiihim ChlorldE. 
= NH.Cl. 

2NH, + H^O, = (NHJjSo" 
Ammonia as a reagent: It precipitates many basic sub- 
I stances. 

Example : 

FeSO. + 2NH.0H = Fe(OH), + (NH,),SO,. 
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It precipitates all the metals except the alkalies and the 
alkaline earths — Ba, Sr, Ca, Mg — except when the latter are 
in concentrated solution. 

Teats for ammonia : 1 . Ammoniacal gas in contact with 
a glass rod moistened with hydrochloric acid produces white 
vapors of ammonium chloride. 

2, If the gas be simply in aqueous solution, it may be recog- 
nized by its odor, especially on boiling the liquid. 

3, If the ammonia be in combination as a salt, it may be 
detected by boiling the solution with sodium hydroxide and 
obser\-ing the odor of the evolved ammoniacal gas. 

4. Nessler's test. Nessler's reagent is prepared by dissolving 
25 grammes of potassium iodide in 100 c.c. disdlled water and 
adding a saturated solution of mercuric chloride until the 
appearance of a slight permanent precipitate. 50 grammes of 
potassium hydroxide arc added, and the whole diluted with 
distilled water to a volume of 250 c.c. The precipitate is 
allowed to subside, and the clear liquid decanted and preserved 
in well-stoppered bottles for use. 

On the addition of Nessler's reagent to a solution contain- 
ing ammonia, free or in combination, a brown coloration or a 
brown precipitate, dependent upon the quantity of ammonia 
present, will be formed. 

Nailcr't RMiienl. 

2(KI)2Hgl,-i- 3K0H -f NH3 = NHgaI.HjO -|- 7KI -H 2H,0, 

17 parts of NH^ will form 559 parts NHg,I,H,0. 

5. Ammonia is precipitated by platinum chloride, PtCl4, as 
ammonium platinic chloride, (NHjCQ^PtCI,. 



Atomic weight, 12. Equivalent weight, 6. Valence, IV. 
Specific heat of graphite (carbon), 0.2. Its specific heat multi- 
plied by its atomic weight 0.2 X 12 := 2.4. If its capacity for 
heat (0.467) at a temperature of 600° C. be multiplied by 12, 
the product is 5.604. 

0,467 X 12 = fijft 
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■^ Special history: Carbon in the form of ciiarcoal was 
Btnown to the ancients. 

■ In 1775. Lavoisier effected the combu?tion of tlic diamond 
in oxytfen, and thus proved that the product of the combus- 
tion in oxygen of the diamond and of charcoal was identical, 
namely, carbon dioxide, CO^. In 17!I0, Priestley established 

t-jts elementary character. 

Natural history : It is found in the three kingdoms of 
laturc. 

1. In the mineral kingdom it is found in coal and in native 
arbonates, etc., and in the atmosphere, as carbon dioxide, 

iulting from the respiration of animals, the combustion of 
carbonaceous substances, volcanic gases, etc. 

2. Vegetable structures are largely composed of carbon in 
|a)mbination with other elements. 

3. Annual tissues and products are largely composed of 
irbon. 

Properties : Carbon is a solid, devoid of tastt- or odor, and, 
^excepting the diamond, of a black color. 

Carbon in all its forms is combustible in air or oxygen, 
ielding carbon dioxide as the sole product of its combustion, 
tis insoluble in every known liquid. 

It crystallizes in two different forms, as octahedra and as 

ixagonal prisms, therefore dimorphous. In nature it occurs 
ttjstly in the amorphous condition. 

Varieties of Carbon. 1. Diamond: The diamond crys- 

bilizcs in cubes or in octaliedra. It is the purest form of 

f carbon and is the hardest substance known. It possesses the 

highest index of refraction of any substance known. When 

burned in oxygen, the sole product of the combu.stion is 

, carbon dioxide. Usually a slight ash, consisting of mineral 

latter, remains. 

2. Graphite (Plumbago, Black Lead) : Graphite occurs in 
e as a mineral. 

early times it was thought to be lead (black lead) because 
a cb^wn over paper it produced a streak similar to that 
iduced by lead. 
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Schcele in 1 779 proved that it was simply an allotropic form 
of carbon. 

As found in nature it is contaminated with mineral matter. 
The purest specimen of graphite found contained from 95 per 
cent to 96 per cent, of carbon, the remainder being mineral 
matter. 

It is used in making lead pencils for writing purposes, and 
on account of its infusibility it is largely used in making 
crucibles. It is also used as a lubricating material for machin- 
ery. 

•J. Coal. Varieties : 

1. Anthracite (contains the largest percentage of carbon). 

2. Bituminous (contains less carbon than anthracite). 

3. Cannel (contains less carbon than bituminous). 

In addition to carbon, all coals contain mineral matter. 
Sulphur is a constituent of coal, partly in combination as 
ferric sulphide and partly as free sulphur. 

4. ^Vood charcoal ; Obtained by burning wood in a limited 
supply of air. It has the property of absorbing certain gaseous 
substances. One part of charcoal will absorb about 93 parts 
of ammoniacal gas. It possesses the property of absorbing 
certain solid substances, such as the alkaloids, from liquids. 

5. Animal charcoal: Obtained by burning bones in a 
limited supply of air. It contains from 85 per cent, to 90 per 
cent, of mineral matter, chiefly calcium phosphate and calcium 
carbonate. It is largely used as a decolorizing agent, espe- 
cially in decolorizing solutions of raw sugar in the refining of 
sugar. 

6. Coke: Obtained by heating bituminous coal in closed 
iron retorts, an exit being provided for the escape of volatile 
matters. The higher the temperature to which the coal is 
subjected, the more dense the coke. In this process a deposi- 
tion of carbon in an amorphous condition occurs on the sides 
of the hot retort. This amorphous carbon, known as gas- 
retort carbon, is exceedingly hard, and is sometimes employed 
for cutting glass. It is also used in making carbon pencils for 
the arc electric light. 
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7. Lampblack: Obtained by burning substances rich in 
carbon — such as resins, oils and natural gas — in a current of 
air insufficient for complete combustion. 

Chemical properties : Carbon, under ordinary conditions, 
is an extremely int;rt substance. It enters into combination as 
a tetravalent element. /'. e., equivalent in saturatinf^ power to 
four atoms of hydrogen, as CH^ CSj, COj. In nature it is 
the transition element connecting the three kingdoms, animal, 
vegetable and mineral. It exists in the air (mineral kingdom), 
from which it is assimilated by plants (vegetable kingdom), and 
plants are consumed by animals (animal kingdom), and the 
carbon Is finally returned by them as COj in exhaled air to the 
atmosphere (mineral kingdom), thu^ completing the cycle of 
the three kingdoms. 

COMPOUNDS OP CARBON AND OXYQEN. 

The only compounds of carbon and oxygen are carbon 
monoxide. CO, and carbon dioxide, COj. 

CARBON DIOXIDE, CO, (sometimes called Carbonic Add). 

Molecular weight, 44. Specific gravity compared with 
hydrogen, 22. Specific gravity compared witli air, 1.524. 44 
grammes measure 22.32 litres. 1 litre weighs 1.967 gramme. 
1 cubic centimetre weighs 0.001967 gramme. 44 grains meas- 
ure 93.33 cubic inches. It contains its own volume of oxygen, 
i. e., 100 cubic inches of CO, contain 100 cubic inches of 
oxygen, the carbon being condensed within the oxygen. 

Special history : Carbon dioxide was known in early times. 
It was examined by Black in 17-07, and called by him " Fixed 
Air." In 177o, Lavoisier, experimenting on the products of 
the combustion of the diamond in oxygen, determined its 
exact nature and named it carbonic add. 

Natural history : It is present in the atmosphere in the 
proportion of 2 to 4 parts per 10,000 parts of air. It is con- 
tained in water, especially in the carbonated waters. Gaseous 
emanations from volcanoes contain it. It is found, in com- 
bination, a.s native carbonates, as calcium carbonate, magne- 
sium carbonate, etc. Animals exhale it in the process of 
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^xide. bcinfr a noii-iupporter of combustion and heavier than 
air, extingurshtis a flame when poured U|X)n it. 

Physiological properties ; Carbon dioxide taken into the 
stomach is harmless, but when inhaled acts as a direct poiscm. 
The undiluted gas causes death instantly by spasm of the 
glottis. 

Air containing 12 to 14 per cent, of CO, produces giddi- 
ness, quickened circulation of the blood, fullness in the head, 
perhaps delirium, and finally coma, which may last some time. 

Air containing 4 or 5 per cent, of the gas (such as air once 
i>rcathed) produces a feeling of oppression with headache, and 
perhaps delirium or coma. 

Air containing 3 per cent, of the gas produces considerable 
distress and may produce insensibility. 

Air containing 1 or even 0.5 per cent, of the gas produces a 
drowsy feeling. 

Its presence in the air to the e.\tent of 0.1 per cent, may be 
considered the boundary line between good and bad air, it 
being understood that the carbon dioxide has been derived 
from the respiration of animals (see page 62). 

Chemical properties: Dry carbon dioxide has no effect 
upon blue litmus paper. When the moist gas is brought in 
contact with blue litmu^>. the blue is changed to red. 

With water it forms carbonic acid, HjCOj, This acid has 
ne\'er been isolated. 

CO, + H,0 = H,CO,. 

Carbonic acid combines with basic substances, forming carbo- 
nates of the bases. 

HjCO, + SNaOH = Na^CO^ + 2HjO. 

One atom or both atoms of the hydrogen in carbonic acid 
may be replaced by a metal, forming two classes of salts, 
called respectively acid and neutral carbonates, thii.s : 
NaHCOj, acid sodium caAonate. 
NaXOj neutral " 
Solubility of the carbonates : All carbonates are insoluble 
in water, except the carbonates of the alkalies, and the 
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bicarbonales of the alkaline earths; therefore, if any soluble 1 
carbonate be added to a solution containing a salt of any metal 
other than an alkali, the metal will be precipitated as a 
carbonate. 

Detection of carbon dioxide : The gas passed into a solu- I 
tion of barium hydroxide, Ba(OH)3, or of calcium hydroxide, I 
Ca(OH)„ produces a white precipitate of barium or of calcium 
carbonate. 



CO, 



Ba(0H)3 = BaCOj + HjO. 

If the carbon dioxide be in combination as a carbonate, effer- 
vescence, due to the evolution of COj, will occur on treating 
the carbonate with an acid. The identity of the evolved gas 
may be proved by passing it into a solution of barium 
hydroxide or of calcium hydroxide. 

The carbon dioxide in combination as a carbonate may be 
determined quantitatively in an apparatus devised for the pur- 
pose, consisting in general of a glass flask in which the 
carbonate is placed and another glass flask or receptacle to 
hold sulphuric acid. A weighed quantity of the carbonate is 
placed in one flask, a small quantity of water is added to it, 
sulphuric acid is placed in the other flask or receptacle, and 
the whole apparatus is weighed. The acid is now allowed to 
flow into the vessel containing the carbonate ; decomposition 
of the carbonate occurs at once, with the evolution of carbon 
dioxide, which, before escaping from the apparatus, is dried by 
being obliged to pass through the unused portion of sulphuric 
acid ill the apparatus. After the decomposition is completed, 
air is drawn through the apparatus to remove any carbon 
dioxide remaining in the flasks, and, after cooling, the whole 
apparatus is again weighed. 

The loss in weight is due to the escape of the carbon dioxide 
evolved from the weight of carbonate decomposed. 



4 
4 



CARBON MONOXIDE, CO (Mmetlmes called Carbonic Oxide). 

Molecular weight, 28. Specific gravity compared witi 
hydrogen. 14. Specific gravity compared with air, 0.967. I 
contains half its volume of oxygen. 
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Special history: It was discovered by Priestley in 171 
who supposed it to be hydrogen. Its true nature was deter- 
mined in l(lO:t by Cruickshank and others. 

Natural history: Carbon monoxide is not found in nature 
except as an artificial product. It is found in the air in the 
neighborhood of brick or lime kilns or wherever there is an 
incomplete combustion of carbon (coal, charcoal, etc.). The 
gases issuing from blast furnaces, in the process of the reduc- 
tion of the ores of iron, contain from 20 to 35 per cent, of 
carbon monoxide. The light blue flame produced in the 
burning of anthracite coal is due to the burning of carbon 
monoxide. 

Preparation: 1. By passing carbon dioxide over red-hot 
carbon. 

■ CO, + C = 2C0. 

H 2. By jiassing carbon dioxide over red-hot iron. 

I 4C0, + 3Fe = Fe,0. + 4C0. 

^1 3. By heating oxalic acid or an oxalate with sulphuric acid. 

H Oullc Acid. 

■ H,C,0. + H,SO^ = H,0 + H,SO. + CO, + CO. 

^P _The CO, is separated from the CO by passing the mixed 

f^pses through a solution of sodium hydroxide contained in a 

•Woulffs bottle- The CO, will be absorbed by the NaOH, 

forming sodium carbonate, while the CO passes unabsorbed, 

4. By heating potassium ferrocyanide with sulphuric acid. 

K.Fe(CN), + im,SO. + 6H,0 = 2K^0( + 3{NH.),SO, 

+ FeSO, + SCO. 
B. By heating formic acid or a formate with sulphuric acid. 

CHA + H,SO, = H^O, + H,0 + CO. 

Properties ; A colorless, odorless gas. It is slightly soluble 
in water. 100 volumes of water at 60° F. dissolve 2.43 
volumes of CO. It is combustible, burning with a pale blue 
and very hot flame. The product of its combustion is carbon 
dioxide. It is not a supporter of combustion. 

i critical point is — 139° C, at which it liquefies under a 
iure of 35.5 atmospheres. At a temperature of — 190° C, 
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it liquefies under a pressure of 1 atmosphere, and at — 210 °C 
it liquefies in a vacuum. 

It is one of the constituents, to the extent of about 34 per 
cent, of the illuminant called " water gas." Ordinary illumi- 
nating gas produced from the destructive distillation of bitu- 
minous coal contains from 3 to 7 per cent, of carbon mon- 
oxide. 

It is an indifferent oxide, and enters into combination with 
very few substances. It has no effect upon red or blue litmus. 

Physiological properties: It is a true narcotic poison. Its 
poisonous action is due to its property of forming a fixed 
compound witli the haemoglobin of the blood, namely, car- 
bonic oxide haemoglobin, C(jsH,ouN|j,Oa,FeSjCO, molecular 
weight 14,157. (See page 61.) 

COMPOUNDS OF CARBON AND HYDROOEN. 

The number of compounds of carbon and hydrogen is 
almost limitless. 

Those compounds composed of only carbon and hydrogen 
are called hydro-carbons. 

Two important compounds of carbon and hydrogen (hydro- 
carbons) are methane, CH^ and ethene, QH,. 



METHANE, CH. (Marsh Qas ; Lt^ht Cvburetted Hydrogen; 
Flre-d«mp; Oas of the Acetates). 



Molecular weight. 16. Specific gravity compared with 
hydrogen, 8. Specific gravity compared with air, 0.6676. It 
is the second lightest substance known. 

16 grammes measure 22.32 litres. 1 litre weighs 0.713 
gramme. 16 grains measure 93.33 cubic inches. 

Special history: It was first examined by Volta in 1778. 
He obtained it by stirring the mud in marshes and collecting 
the gas (marsh gas) as it ascended through the water, 

Natural history; Methane occurs in swamps or stagnant 
pools and wherever vegetable matter is undergoing decom- 
position out of conuct with the air, but in the presence of 
moisture. 
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It is a constituent of the gases emanating from petroleum 
Tvells, and is also a constituent of the so-called " natural gas" 
largely used for heating purposes. 

It occurs occluded in coal, and, escaping from it into the air 
of coal mines, constitutes the fire-damp of the miners. 

Its origin in coal seams is supposed to be due to the action 
of water on coal (carbon). 

C, -I- 2H,0 - 



CO, -f CH,. 
Preparation : 1 . By heating an acetate of : 
solid sodium hydroxide. 



: alkali 



■ith 



NaQHjO, + NaOH = NajCOj -|- CH,. 

In preparing it by this method ordinary lime is usually 

added to the mixture to prevent the action of the caustic soda 

the glass of the vessel in which the operation is conducted. 

It is, however, best performed in an iron instead of a glass 

retort. 

;. By the action of nascent hydrogen on chloroform, 
CHCl,. 

CHClj -(- 3H, = 3HC1 + CH.. 

3. By passing steam over red-hot carbon (charcoal). 

3C -I- 2H5O = 2CO + CH.. 

4. By the destructive distillation of coal. 

Properties : A colorless, odorless, tasteless gas. Sparingly 
soluble in water. 100 volumes of water at 0° C. (32" F.) 
absorb 5.4 volumes of the gas. It is combustible, burning 
with a pale luminous flame and the production of consider- 
able heat. When mixed with twice its volume of oxygen and 
a flame or a spark is applied to the mixture, violent explosion 
occurs, with the production of water and carbon dioxide (the 
choke-damp or white damp of the miners). 

CH(-h20, = 2H,0 + CO,. 

Explosion is most violent on igniting a mixture composed 
of one volume of marsh gas with ten volumes of air. 

Explosion occurs when a lighted taper is applied to a 
rjntxture of 1 volume of marsh gas with 15 volumes of air. 
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and also in a mixturt- of 1 volume of marsh gas with only 6 
volumes of air. 

Chlorine combines with it, with explosive violence, when 
the mixture of the two gases is exposed to sunlight, forming, 
in the presence of moisture, carbon dioxide and hydrochloric 
acid. 

CH. -f 4C1, + 2H,0 ^ CO, + 8HC1. 

If the chlorine be present in great excess, it may substitute 
the hydrogen of the CH, with the production of carbon, tetra- 
chloride, CCI,, or lower derivatives, as CHClj, CH,Clj, etc. 

Chemical properties : It is a very inert gas, and does not 
form compounds except by substitution of its hydrogen. 



ETHENE, C^H, (Ethylene; OlefUnt Qas; Heavy Carburetted ' 
Hydrogen). 



Molecular weight, iiS. Molecular volume, 2. Specific 
gravity compared with hydrogen, 14, Specific gravity com- 
pared with air, 0.978. 

Special history: Discovered by Diemann, in 1795. 

Natural history: It is present in natural gas and in the 
explosive gases of coal mines. 

Preparation: 1. By the destructive distillation of bituminous 
coal, resins, oils and fats. 

'I. By the action of sulphuric acid on alcohol, C,HaOH, at 
a temperature of about 165° C. (329° F.). Sulphuric acid 
having a specific gravit\- of 1.580 boils at a temperature of 
165° C, and, therefore, is well adapted for the purpose. 
Sulphuric acid of this specific gravity may be prepared by 
diluting 9 volumes of sulphuric acid of 1.842 specific gravity 
with 4 volumes of water, (The mixture will have a specific 
gravity of 1.5«1.) 

Two reactions occur in the preparation of C,H„ by the 
action of sulphuric acid on alcohol at a temperature of 166" 
C. In the first reaction sulphovinic acid, C,HjHSO„ is 
formed, which, on further heating, is immediately decomposed 
into ethenc. CjH,, and sulphuric acid. 
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Ethene mixed with its own volume of chlorine and expose 
to sunlight, forms an oily compound called dichlorethene, 
CiH.Clj. 

ILLUMINATINQ QAS. COAL OAS. 

Ordinarj' iilitminating gas is produced by the destructive 
distillation of bituminous coal. Coal gas is a mixture con- 
sisting of illuminants, diluents and impurities. The chief 
illuminant is ethene {oiefiant gas). The diluents are hydro- 
gen, methane and carbon monoxide. The impurities are 
carbon dioxide, hydrogen sulphide and nitrogen. 

Percentage Composition of a Crude Illuminating Gas^ 
Specific gravity of the gas, 0.532, 

Hydrogen. H 34.84 

Methane, CH<, 39.22 

Ethene, QH^, etc., 8.74 

Nitrogen, N 3.08 

Carbon dioxide, COj 7.28 

Carbon monoxide, CO, 6.72 

Hydrogen sulphide, HjS 0.12 

100.00 
The crude gas is purified by being passed through cyh'ndei 
containing water, in which the solid and liquid impurities, as 
tar and water, are removed, and ammoniacal gas is absorbed, 
The gas is further purified by being passed through cylindera^^H 
containing lime, which absorbs carbon dioxide and suIphu^^^H 
compounds. ^^^| 

On examining an ordinary fiame — that of a candle, for^^| 
instance — it is seen to consist of three concentric cones : the 
innermost, around the wick, appearing almost black, the next 
emitting a bright white light, and the outermost being so pale 
as to be almost invisible in daylight. 

The dark, innermost cone consists merely of the gaseous 
combustible to which the air does not penetrate, and which i^^^J 
therefore not in a state of combustion. ^^^H 
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In the second or luminous cone, combustion is taking place 
attended with the separation of carbon, which being in a state 
of incandescence confers luminosity upon this part of the 
'flame. 

In the pale, outermost cone perfect combustion is taking 
place, the separated carbon is completely consumed, because 
the supply of air in contact with the flame is unlimited. 

In the flame of the blowpipe and also in the flame of the 
Bunsen burner, in both of which the combustible gas is mixed 
with a sufficient quantitj- of air before being burned, complete 
combustion of the carbon occurs, and therefore the flame is 
non-luminous. 

When flame is cooled below the temperature at which com- 
bustion takes place, it is at once extinguished. The principle 
of the Davy miner's safety lamp depends upon the above fact. 
A Davy lamp may be carried into an explosive atmosphere, 
and although the combustible gas in the explosive atmosphere 
may bum within the wire gauze of the safety lamp with such 
energy as sometimes to heat the wire gauze to dull redness, 
the flame is not communicated to the explosive mixture 
outside. 

CARBON AND NITROGEN. 

CYANOOEN, CN. 

Molecular formula, QN,. 

Cyanogen is sometimes represented by Cy, the abbreviation 
of the name. As represented by the formula CN, the sura of 
file atomic weights is 26, which is the specific gravity of the 
substance compared with hydrogen. This formula (CN) must 
1>e doubled in order to obtain a formula which will express 
a quantity of the compound twice its specific gravity compared 
with hydrogen ; hence the molecule of cyanogen is expressed 
by the formula CjN„ and therefore the molecular weight of 
■ttie compound is 62. Specific gravity compared with hydro- 
igen, 26. Specific gravity compared with air, 1.801. 52 
grammes measure 22.32 litres. 

Special history : Compounds of this substance were known 
in early times. It was known in its combination as Prussian 
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blue by Diesbach in 1704. Its combination with hydrogen as 
hydrocyanic acid, prussic acid, HCN, in solution, was discov- 
ered by Scheele in 1782. Gay-Lussac, in 1811, isolated its 
combination with hydrogen, as hydrocyanic acid in its anhy- 
drous state, and in 1815 isolated cyanogen itself. Because it 
behaved as an elementary form of matter, Gay-Lussac believed 
it to be an element. Its compound nature was afterward 
proved, and it was then termed a " radical." It was the« first 
radical discovered. 

Natural history: It is not found in nature in the freesta 
It is contained in the gases issuing from blast furnaces. In d 
vegetable kingdom it is produced by the action of emulslli 
a ferment, upon amygdalin, both being constituents of bitt 
almonds, peach kernels, etc. 

Chi or Hrdrocyule 

Ainygdolig. Blllir Almondl. Add. C 

C^H„NO„ -f 2HjO = CjH,0 + HCN + ^Z^^ 
Preparation : 1. By heating dry mercuric cyanide, Hg(CN 

Hg(CN),= HB-)-2CN. 
2. By heating potassium ferrocyanide with mercuric chlb 



K,Fe(CN), + 2HgCI, = 4KCI -j- Fe(CN), + 4CN -}- Hg^ \ 
3. By the destructive distillation of ammonium oxalate. 

Amoioii. Oislau. 

{NH.)jCA = 4H,0 + 2CN. 
Properties : A colorless gas, possessing the odor of bittM 
almonds. It is soluble in water, 1 volume of water at ore 
nary temperature absorbing 4 volumes of the gas. It is vei 
soluble in alcohol. Its aqueous solution on standing unda 
goes decomposition with the formation of ammonium oxalatfl 
thus : 

4Hp -!- 2CN = (NH,)AO.. 

It liquefies at ordinary temperature under a pressure of j 

atmospheres, and at a temperature of — 30° C. ( — 22° F.) 1 

liquefies under a pressure of 1 atmosphere. It becomes sol^ 

at a temperature of — 3.5° C. ( — 30° F.). 
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.ith a characteristic peach - 



It is combustible, burning 
blossom -Colo red flame. 

Physiological properties: It is an intensely poisonous 
substance. 

Chemical properties ; It is an electro-negative radical, 
and therefore is capable of playing the part of an electro- 
negative element. In entering into combination chemically, 
it is analogous in its behavior to chlorine, iodine and bromine. 

It will unite with a positive metal to form a cyanide. 

Pduh. Cyinldi. 

K + CN = KCN. 
When passed into a solution of potassium hydroxide it 
produces potassium cyanide, potassium cyanate and water, 
thus : 

Poun. CyiDliIi. Pooh. Cyuulc. 

2K0H + 2CN = KCN + KCNO + HjO. 
The cyanides are readily decomposed on the addition of an 
acid, with the production of hydrocyanic acid, 

PoiHi. Cyukla. Hydrtcyukc AclA 

KCN + HCl = KCI -h HCN. 

All cyanides are insoluble in water, except the cyanides of 
the alkalies, the alkaline earths and mercuric cyanide. 

If a carbonate of an alkali, for example, potassium carbo- 
nate, be heated, under appropriate conditions, with carbon 
(charcoal), the carbonate is reduced and metallic potassium 
separates, thus : 

K,COj -f 2C = K, + SCO. 

If a carbonate of an alkali be heated with nitrogenous 
organic matter, a cyanide of the alkali will be produced, thus : 

Poimu. CyuiidE. 

KjCO, 4- C + N, = 2KCN + 0^. 
Fcrrocyanogen ; If a carbonate of an alkali and nitrogenous 
organic matter (horn, leather, etc.) be heated with iron filings 
and the fused mass be treated with boiling water, an electro- 
negative radical called ferrocyanogen, Fe(CN)j, is produced, 
which enters into combination with the alkali to form a ferro- 
i^ranide. 

PoUH, CyuiitJc. Pouu. FcrKKjruilde. Pouh. Oildc. 

6KCN + Fe + O = K,Fe(CN). + K,0. 
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Hydroferrocyanic Acid : Potassium ferrocyanide, whei 
treated with hydrochloric acid, is broken up into potas 
chloride and hydroferrocyanic acid. 



K4Fe(CN), + 4HC1 : 



H;d(ol 



H.Fe(CN), + 4KC1. 



The four atoms of hydrogen in hydroferrocyanic acid area 
replaceable by a metal, therefore the radical ferrocyanogenj 
Fe{CN)„. is tetravalent. The radical ferrocyanogen is some- 
times represented by the abbreviation Cfy. 

Potassium ferrocyanide (yellow prussiate of potash}^ 
K,Fe(CN)„, is employed as a reagent in testing for iron i 
combination as a ferric salt. With a ferric salt it produces al 
blue precipitate of ferric ferrocyanide (Prussian blue)^ 
Fe,(Fe(CN),), = Fe,(CN)m. 

Potui. FcrTBcyuiliU. renic Chloride. (Pmuian Blue.) 

3K,Fe(CN), + 2Fe,Cl, = Fe,(Fe(CN),), + 12KCI. 

Potassium ferrocyanide has no action on ferrous salts, 

Perricyanogen : If chlorine be passed through a solution] 
of potassium ferrocyanide, K,Fe(CN}|„ it withdraws part t 
the potassium from the potassium ferrocyanide. producing i 
new radical, ferricyanogen. Fcj (CN),j, in combination as pota»>l 
sium ferricyanide (red prussiate of potash), KgFe/CN)„. 

Ferricyanogen is an electro -negative, hexavalent radici 
The radical ferricyanogen is sometimes represented by t 
abbreviation Cdfy. 

Ferricyanogen in combination is sometimes represented aa a 
half molecule, as, for instance, with potassium, KjFe(CN)^' 
instead of KoFe,(CN)„. 

Hydrofcrricyanic Acid : Plumbic ferricyanide, when treatet 
with sulphuric acid, is broken up into plumbic sulphate and! 
hydrofcrricyanic acid. 



PbjFe^CN),, 



Plumbic Hvarafimcyuic 

Sulphite. Add. 

3H^0, = SPbSO. + H.Fe,(CN)i,. 



Potassium ferricyanide is employed as a reagent in testing 
for iron in combination as a ferrous salt. With a ferrous sal^ 
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lit produces a blue precipitate of ferrous ferricyanidc (Turnbull's 
f blue). Fe,Fc/CN),,. 



'trricyn, 



Sulpti. c 



K«Fcj(CN),j -{• SFeSO, = FejFe,(CN)|^ 
Potassium ferricyanide has no action on ferric salts. 
If potassium ferrocyanide be heated with sulphur, a radical 
' called sulphocyanogen, CNS, is produced. 

Pou... Poia,.. Fcrrou. 

K.Fe(CN), f 6S = 4KCNS I Fe(CNS)j. 
To convert all of the sulphocyanogen produced in the above 
reaction into potassium sulphocyanide, the solution of potas- 
sium and ferrous sulphocyanides is treated with potassium 
carbonate, which precipitates the iron as carbonate. 
Fe(CN'S), V K3CO, = 2KCNS + FeCO,. 
Hydrosulphocyanic Acid : Plumbic sulphocyanide when 
treated with hydrogen sulphide is broken up into plumbic 
sulphide and hydrosulphocyanic acid. 

PhiDibic Htdniiep Plunlilc HydTinuliihDCTintc 

Pb(CNS), + HjS = Pbs'+ 2HCNS. 
Potassium sulphocyanide, KCNS, is employed as a delicate 
test for iron in combination as a ferric salt. With a ferric salt 
it produces an intense claret-red color, which color is destroyed 
on the addition of mercuric chloride. Meconic acid produces 
the same color with a ferric salt, but in the case of meconic 
acid the red color is not destroyed on the addition of mercuric 
chloride. 

Cyanogen occurs in human saliva in combination as a 
ulphocyanide. 

HVDROQVANIC ACID, HCN. (HCy.) 

Molecular weight, '11. Molecular volume. '1. Specific grav- 
lity compared with hydrogen, IS. 5. Specific gravity of the 
Jiquid acid at 7.2" C. compared with water, 0.705. Specific 
jgravity of the liquid acid at 1S° C, 0.09(j. It is one of the 
lightest liquids known, the lightest being cymogen, a petroleum 
^^roduct having a specific gravity of 0,59, 
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Special history : Hydrocyanic acid in aqueous solution was 
discovered by Sclieclc in 1782. In ISIl Gay-Lussac obtained 
it in its anhydrous condition. 

Natural history; It is found in tht aqueous distillate from 
clicrry kernels, peach kernels, bitter almonds, etc. Its forma- 
tion in these kernels is due to the action of tlie ferment, _ 
eniulsin, upon the amygdalin of the kernel. It is contained iiL 
varying quantities in cherry brandy, "cherry bounce," etc. 

Preparation: 1. By passing a stream of hydrogen sulphidi 
over gently heated (temp. 30° C.) mercuric cyanide. 

Mcnu<ic Hydroieli Mncuric Hy<lr«:vinic 

Cymiiite. Sulphiae. Sulphide, Aciil. 

Hg(CN), H- H,S = HgS + 2HCN". 

2. By heating together chloroform and ammonia. 

CHCl/+ Nh/^ :mCl -r HCN. 

3. By distilling potassium ferrocyanide with dilute sulphuri 
acid. (The best proportions are 10 parts of potassium fcrr« 
cyanide, 7 parts sulphuric acid and 14 parts of water.) 

pDtau. Psiuilum Pmiui. Hydrocynt 

h'snucvnlile. Sulphuric Add. Fcrra fncicyiinide. Sulphile, Atid. 1 

2K,Fe(CN), + :)H,SO, = KjFeFeCCN)^ + 3K-S0, + 6HCN 

4. By acting on a cyanide of a metal with an acid. 

PotM.. Hvdrochlolic l>,:ln". Hydiocjanlr 

CMoidc. Add. cniD.iac. Add. 

KCN + HCl ^ KCl -- HCN. 

A two per cent, aqueous solution of hydrocyanic acid mafl 
be prepared by dissolving 100 grains of tartaric acid in t 
fluid-ounces of water and adding 44 grains of potassiiu 
cyanide. 

Properties: Hydrocyanic acid, in its anhydrous state, 
a colorless, highly volatile liquid possessing an odor of 
bitter almonds. It freezes at — 17.8" C. (0° F.) and boils 
at 2fi.l° C. (79° F.). It mixes with water and alcohol in_ 
all proportions. 

Both the pure acid and the aqueous solution decompose o 
standing (particularly when exposed to tlie lightt. with t 
separation of a brown substance c.tIIciI par.tcv.inogcn (CN), 
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2CN + 4H,0 ^ {NH.),C,0,. 
HCN + 2H,0 = NH,CHO,. 



and the production of ammonium oxalate and formate. A trace 
of mineral acid in the aqueous solution appears to retard the 
decomposition. 

I The aqueous solution of hydrocyanic acid, according to the 
United States Pharmacopceia, contains 2 percent, of anhydrous 
hydrocyanic acid. As the acid in aqueous solution readily 
undergoes decomposition, the strength of the solution may 
be determined, when necessary, by precipitating the acid con- 
tained in a definite volume of the solution, as argentic cyanide 
by means of argentic nitrate, and calculating the quantity of 
hydrocyanic acid present from the weight of argentic cyanide 
obtained. 



I 



HCN + AgNO, = AgCN + HNO, 

1 molecule of HCN furnishes 1 molecule of AgCN, or 27 
parts of HCN (molecular weight of HCN ^ 27) furnish 134 
parts of AgCN (molecular weight of AgCN = 134), therefore 
1 part of HCN will furnish 4.96 parts of AgCN. thus: 

27 : 134 :: 1 : 4.96. 

Divide the weight of precipitate of AgCN obtained by 4.96, 
[^and the result will represent the amount of HCN present in 
flie volume of HCN solution employed. 
The quantity of HCN may also be calculated by the follow- 
j proportion : 



134 : 27 :: wt. of prec. of AgCN obtained ; x. 

The result will represent the amount of HCN present in the 
wlume of HCN solution employed. 

Chemical properties ; Hydrocyanic acid is classed with the 
hydrogen acids. It is, possibly, the weakest acid known, its 
acid properties being so feeble that it cannot even displace 
^.carbonic acid from its compounds. 
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The hydrogen of hydrocyanic acid maybe replaced by« 
metal to form a cyanide of the metal. In this respect it is 
analogous to hydrochloric acid. 

HCN + KOH = KCN + H,0. ^H 

HCl + KOH = KCl + H,0. ^H 

All cyanides are insoluble, except the cyanides of the alka- 
lies and alkaline earths and mercuric cyanide. 

All cyanides are decomposed on the addition of an acid, 
with the production of hydrocyanic acid. 

Physiological properties: It is one of the most deadly 
poisons known, and the most rapidly fatal, with possibly the 
.single exception of nicotine. There are poisons which prove 
fatal when administered in smallerquanlities, but none produce 
death so rapidly as hydrocyanic acid (except nicotine), ll 
generally causes death in from a fractional part of a minute to 
five or fifteen minutes. ,Sj of a grain of the acid has proved 
fatal. Antidote : cold effusion, and the breathing of diluted 
ammoniacal gas. or of chlorine. 

The usual chemical antidote is a mixture of ferrous and 
ferric salts (ferrous sulphate, FeSO,. and ferric chloride, Fe,Cls), 
followed immediately by the administration of an alkaline 
carbonate (sodium carbonate, NajCOj). The unabsorbed 
hydrocyanic acid is converted into insoluble Prussian blue, 
which may be removed from the stomach by means of an 
emetic, or the stomach pump. However, in cases of poisoning 
by hydrocyanic acid the results are so quickly fatal that death 
usually occurs before an antidote can be administered. 

Detection of hydrocyanic acid. There are three princiB|^H 
tests, namely : ^^H 

The silver test. ^H 

The iron test. 

The sulphur test. 

1. The silver test: (n) The hydrocyanic acid is precipi- 
tated by the addition of argentic nitrate. The precipitated 
argentic cyanide is dried and placed in a small glass ignition 
tube having a drawn-out extremity. The argentic cyanidy^L 
the tube is heated, and the cyanogen is given off as <i,^^^| 
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■which, when ignited at the drawn-out extremity of the tube, 
Ibumsnith a characteristic peachblossom-colored flame. Dcl- 
|icac>' of the test, j^ of a grain of hydrocyanic acid. 

\fi) The mouth of the glass jar or bottle containing the 

I hydrocyanic acid is covered with an inverted watch glass in 

I which has been previously placed a drop of argentic nitrate 

aiution. Sooner or later, the vapor of the acid coming in 

Icontact with the argentic nitrate will produce microscopic 

Iprismatic crystals of argentic cyanide- If the acid be present 

■Jn large quantity, the deposit will likely be mostly amorphous. 

f No other substance known will, under similar conditions, 

roduce a crystalline deposit with argentic nitrate. Delicacy 

r the lest, nnt'o-inf "f ■'' grain of hydrocyanic acid. The iden- 

Ithy oT the cr\-stals may be confirmed by applying the iron and 

pulpbur tests. 

2, The iron test: {a) The solution containing free hydro- 
r^'anic acid is rendered slightly alkaline wHth potassium 
"hydroxide, which latter enters into combination with the 
acid to form potassium cyanide. A mi.>£ture of a ferrous 
and a ferric salt (ferroLis sulphate and ferric chloride) is now 
I'Sddcd, followed by the addition of hydrochloric acid. A blue 
Iprcdpitate (Prussian blue) will appear, indicating the presence 
cyanide. Thus : 

. n. Fcrm. F.r.k 

I^CjMMfc RulpliiK. Cblsrldt 

KCN + 3FeS0, H- 2Fc,Cl. = 



;JK^O, + 12KCI -f Fe,(Fe{CN),V 

(i) The iron test is also applicable for the detection of the 

tor of hydrocyanic acid. The mouth of the vessel contain- 

g ihe acid is covered with an inverted watch glass in which 

. been previously placed a drop or two of pota.tsium 

dmxide. Tlie alkali will absorb the v.ipor, witli the forma- 

[on of poti.s^ium cyanide. Tlie drop of liquid on the watch 

t troAlcd with a mixture of a ferrous and a ferric »alt 

bid then with h>-drochloric acid, as above described. Prussian 

boe will appear. Delicacy of the test, mJ an of a gnttn of 

^rocyanlc acid. 
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'i. The Bulphur test: (h) A few drops of yellow 
monium sulphide (NH^),S are added to the solution containing 
the hydrocyanic acid or cyanide, and the whole evaporated on 
a water bath almost to dryness. Should the residue posses a 
yellow color, it is moistened with a drop of water and again 
evaporated. This moistening with water and evaporating 
should be repeated until the yellow color of the residue is 
destroyed, except, possibly, a slight film of canar^'-yellow 
sulphur. (This procedure is necessarj- to drive off all of the 
ammonium sulphide, otherwise a black precipitate of sulphide 
of iron would be produced further on.) The cyanogen is now 
in combination with sulphur and ammonium as ammonium 
sulphocyanide, NH^CNS. The cooled residue is dissolved in 
a drop or two of water and treated with a dilute solution of 
ferric chloride. A claret-red color will be produced, due to 
the formation of sulphocyanide of iron. Mercuric chloride 
destroys the color. Delicacy of the test, ^i \ ^^ of a grain of 
hydrocyanic acid. 

ip) The sulphur test is also applicable for the detection of 
the vapor of hydrocyanic acid. A drop of ammonium sul- 
phide is placed on a watch glass and inverted over the mouth 
of the vessel containing the hydrocyanic acid. After a time 
the watch glass is placed on a water bath and the liquid evap- 
orated almost to dryness, etc., and then treated with a drop of 
dilute ferric chloride solution, as above described. 

Delicacy of the test as thus applied (vapor), 1-5^0-5 '^^ ^ 
grain of hydrocyanic acid. ^^m 



SULPHUR. S. ^" 

Atomic weight, 32. Molecular weight, G4, Molecular 
volume (at 1000° C), 2. Valence 11, IV, VI. Below a tem- 
perature of 1000° C. the molecular volume is one-third the 
normal volume. Its specific gravity in the gaseous state, 
below a temperature of 1000° C, compared with hydrogen is 
96. At a temperature above 1000° C. it suddenly expands 
and becomes normal as regards its specific gravity compared 
with hydrogen, namely, 32. 
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Its capacity for heal is 0.2. If its capacity for heat be 
■multiplied by 32, the result will be 6.4, and therefore 32 is 
assumed to be the true atomic weight of sulphur. The specific 
gravity of sulphur compared with water is about 2.0. 

Special history: Sulphur was known in the earliest times, 
It is mentioned in the Bible, in Genesis xix. 24, as brimstone. 

Natural his'ory: It is found widely distributed in nature, 
both as free sulphur and in combination. 

In volcanic districts sulphur is found in the free state either 
in yellow crystals or in opaque amorphous masses. 

It occurs in combination with hydrogen as hydrogen sul- 
phide, HjS, in springs of sulphuretted water. It also occurs 
in combination with metals as sulphides. Examples, ferric 
sulphide, FeS, (iron pyrites), plumbic sulphide, PbS (galenite), 
mercuric sulphide, HgS (cinnabar), etc. 

It is found in combination as sulphates. Examples, calcium 
sulphate, CaSO, (gypsum), magnesium sulphate, MgSO, 
(Epsom salt), sodium sulphate, NajSO, (Glauber's salt), etc. 

It is a constituent of many organic substances, both of 
vegetable and animal origin. Examples: substances of vege- 
table origin, gluten, vegetable albumin and the acrid volatile 
oils, as oil of mustard ; substances of animal origin, albumin, 
^rtn, casein, muscular tissue, hair, etc. Hair contains from 
■4 to 5 per cent, of sulphur. 

Preparation: 1. By meltiny out the sulphur from its 
impurities. 

2, By distilling the sulphur in earthenware retorts and col- 
lecting the distilled sulphur in water. The sulphur thus 
obtained is redistilled in iron retorts, and the distilled sulphur 
collected either in cooled chambers constructed of brick 
.(forming flowers of sulphur), or in water, from which it is 
afterwards taken and melted and cast into rolls (forming roll 
■aulphur) 

3. By the distillation of iron or copper pyrites in iron 
retorts. 



Properties : The properties of sulphur differ z 
^(L varietv. 



lording to 
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Varicties. Native sulphur, which occurs naturally )i 

amorphous condition or a,'^ octahedral crj-stals. It may be 
obtained in the form of octahedral crystals by the slow evap- 
oration of a solution of sulphur in carbon disulphide. 

Prismatic sulphur, obtained by fusing native sulphur and 
allowing it to crystallize. 

Ductile sulphur, prepared by pouring melted sulphur 
heated to a temperature of about 800" F. into cold water. 

Milk of sulphur (precipitated sulphur), obtained by precip- 
itating the sulphur of an alkaline sulphide (poiysulphide) with 
an acid. 

K^S, -f 2HC1 = 2KC1 + H,S -r 4S. 

Sulphur is foimd in commerce either as roll sulphur or as 
flowers of sulphur. It is dimorphous, ('. i*,, capable of crys- 
tallizing in two distinct forms, namely, octahedra and in oblique 
prisms. Ordinary sulphur as found in commerce is yellow, 
but the colors of its allotropic modifications are various. 
Native sulphur is somewhat transparent, whilst all the other 
forms are opaque. It is devoid of taste and odor. 

Sulphur melts at a temperature of from 111" C. to 115° C, 
It vaporizes at 400° C, at which temperature its vapor density 
compared with hydrogen is 96. - If heated to a temperature 
of 1000° C, its vapor density compared with hydrogen is 32, 

Sulphur is insoluble in water, but soluble in turpentine, the 
fixed oils, petroleum ether (benzene), chloroform, ether, alcohol, 
and especially soluble in carbon disulphide. 

Chemical properties : It unites with all the elements except 
nitrogen. Normally it is an electro-negative element, but it 
also acts as an electro -positive element. 

It is electro-negative in its combination with hydrogen 
a^ hydrogen sulphide, HjS. The electro-negative form is 
soluble in carbon disulphide. 

It is electro-positive in its combination with o.xygen as 
sulphurous anhydride, SOj. The electro-positive form is 
insoluble in carbon disulphide. 

Sulphur enters into combination with the metals J 
sulphides, as plumbic sulphide, PbS. 
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COMPOUNDS OP SULPHUR AND OXYGEN. 

Only three oxides of sulphur have thus far been isolated, 
namely : 

SO,. Sulphurous oxide or anhydride. 
SO3. Sulphuric oxide or anhydride. 
S2O7, Hypersulphuric oxide or anhydride. 

They are o.xyacid radicals and are capable of forming oxy- 
acids with the elements of water. 

There are twelve oxyacids of sulphur, namely : 

H^SO.^,. Hyposulphurous acid (this acid and its corresponding 

anhydride have never been isolated). 
H2SO.,. Sulphurous acid (corresponding anhydride, SO,). 

IIjSO,. Suljjhuric acid ( " '" SO,). 

H,SX\. Hypersulphuric acid ( ** *' SjO-). 

H2S2O3, Thiosulphurous acid. 
H2S2O4, Thiosulphuric acid. 
HjSjO-, Disulphuric acid (not a distinct o.xyacid). 

Polythionic series : 

HjSjO^, Dithionic acid. 
H^SjOg, Trithionic acid. 
H^SiO^, Tetrathionic acid. 
HjSjOg, Pentathionic acid. 
HjS^Oy, Hexathionic acid. 

SULPHURIC ANHYDRIDE, SO3. 

Molecular weight, 80. Molecular volume, 2. Specific 
gravity compared with hydrogen, 40. Specific gravity in the 
solid state, compared with water, 1.95, in the liquid state, 1.97. 

Natural history: Occurs in nature in combination in native 
sulphates; calcium sulphate, CaSO^ = CaO^SOj. 

Preparation: 1. Bypassing a dry mi.xture of sulphurous 
anhydride and oxygen over red-hot platinized asbestos and 
collecting the resulting sulphuric anhydride in an ice-cold 
receiver. 

Sulphurous Anhydride. Salphuric Anhydride. 

SO3 -I O = SO3. 

IK 
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2. By distilling Nordhausen sulphuric acid and collec^ 
the distillate in an ice-cold receiver. 



SO,. 



KardluuHD Sulphuric Acid. 

HjSjO, = H3SO. 
;i. By the action of heat on anhydrous sodium bisulphale. 

Sadium Biiulphiils. Sixliuai Sulphite. 

Na,0(SOs)i = Na,SO, + SO^. 
4. By heating a mixture of sulphuric acid and phosphoric 
anh)-dride. 

Phoiphork Anhydrldii. Mc»phoiph°tic Acid. 

HjSO. -H PjOj = -2 H PO, + SO3. 

Properties : Sulphuric anhydride is a white, odorless, crys- 
talline substance. In appearance it resembles asbestos. It 
fuses at 1H.3° C. {G5° F.) and boils at 35° C. (Slo° R). 

Chemical properties : In the drj- state it has no action on 
htnius, but with moisture it forms sulphuric acid, which latter 
immediately acts upon the litmus. 

There are four hydrates of sulphuric anhydride, 
namely : 

HjO(SO,)„ = H,S,0„ Nordhausen sulphuric acid. 
HjOSO, = H,SO., Sulphuric acid (monohydrate). 
(HiOjjSO, = H,SO..H;0, Glacial sulphuric acid (dihydrate). 
(H,0),SO, = 1I,S0..2H,0, Graham's sulphuric acid (trihy- 
drate). 



NORDHAUSEN SULPHURIC ACID, HjSiOr- 

Preparation : On exposing ferric sulphide, FeSj (iron 
pyrites), to the air, in the presence of moisture, oxidation 
occurs, and ferrous sulphate and sulpliuric acid are formed. 

fEmjui Sulphile. 

FeS0^,7H,0 + H,SO,. 



trie Sulphide. 

FeS, -(- O; + SHjO 



The ferrous sulphate is heated in contact with air, to drive 
off the 7 molecules of water of crystallization, and aUo to 
oxidize the ferrous sulphate to ferric sulphate. 



» SuiphiH 



Sulphiu 



Fenic OiK 



6FeS0. + 30 = 2Fe,(S0.), + Fe^Qj. 
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The ferric sulphate is now heated at a high temperature in 
earthenware retorts, whereby it undergoes decomposition into 
ferric oxide and sulphuric anhydride, which latter distills over 
and is collected in a suitable vessel. 

Fe/SO,)a = FcjO, -f 3S0,. 

In the ferric sulphate which is heated in the retort, there is 
always a small quantity of water which distills over and 
combines with the SO,, producing the liquid acid. 
2S0, 4- H,0 = HAO,. 

Properties : Nordhausen sulphuric acid (called Nord- 
haiisen because it is prepared on a large scale in Nordhausen, 
a town in Saxony) is an oily liquid, having a specific gravity 
of 1.9, and as found in commerce is usually of a brownish 
color, owing to the presence of a minute quantity of organic 
matter. The acid has an intense affinity for moisture. 

It is largely used in the process of dyeing, to dissolve 
indigo. 

SULPhURIC ACID, H|SO, (Oil of Vitriol). 

Molecular weight, 98. Molecular volume, 1. Its observed 
specific gravity in the gaseous state, compared with hydrogen, 
is not one-half the molecular weight. 4!*, but 24.5. 98 
grammes of H^SO, in the gaseous state measure 44.64 litres, 
because, when the acid is heated to its point of vaporization, 
dissociation occurs, and one molecule of the acid breaks up 
into one molecule of HjO and one molecule of SOj, and as 
each of the latter molecules, expressed in grammes, in the 
gaseous state measures 22.32 litres, the combined volumes 
measure 44.64 litres. , 

Special history; Sulphuric acid was probably known to 
G:;ber in the seventh century. It is mentioned by Basil Valen- 
tine in the fifteenth century. 

Natural history; In the mineral kingdom it is found in 

the free state, as a result of the oxidation of sulphur, in the 

; so-called " vinegar springs " of volcanic districts. The Rio 

I Vinagre, a river in South America, derives its name from the 



142 



N07'£S OX CliEMKAL LECTURES. 



sour taste of the water, due to the presence of free sulphuric* 
acid. 

It is found in combination in native sulphates. 

Preparation : By passing sulphurous anhydride, SOj. 
vapors of nitric acid, HNOj, steam, H,0, and air into a 
leaden chamber, so arranged as to ensure their perfect admix- J 
tiire. The bottom of the chamber is covered with a thin layer^ 
of water. 

The sulphurous anhydride is obtained by burning crude ' 
sulphur or pyrites in air. 

The nitric acid is produced by the action of sulphuric acid 
on sodium nitrate. 

The steam is derived from a steam boiler. 

The air is provided in sufficient quantity by passing a 
constant current through the chamber. 

Reactions concerned in the method : The nitric acid 
oxidizes the sulphurous anhydride, thereby converting it, in 
the presence of water, into sulphuric acid. 



3S0, + 2HNO3 -f 2H5O = 3H^0, -\- NA- 

The nitrogen pi-oto.>dde in the reaction immediately combines 

with oxygen from the air and becomes nitrogen telroxidc 

(dio-xide). N,Oj, which is again capable of converting fresh 

sulphurous anhydride into sulphuric acid. 



NIlrogcD PrDloiidc. 

N,0, + 


0, 


Niln)s»n TeuonWe. 

= N,0,. 


N,0. + 2S0, + 


2H,0 = 


= 211,50, + N,0, 



Thus, theoretically, a small quantity of nitric acid vapor, in 
the presence of air and moisture, will convert an indefinite' 
quantity of sulphurous anhydride into 'sulphuric anhydride, 
the NjOj merely acting as a carrier of oxygen to the sulphur- 
ous anhydride. 

The acid thus obtained in the leaden chamber has a specific 
gravity of l.oo and contains 64 per cent, of H,SO,. It is now 
evaporated in leaden pans until it has a specific gravity of 
1.71. beyond which it would seriously corrode the leaden 
pans. It now contains 78 per cent, of iKSTi,, It is further 
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concentrated by being heated in a platinum retort until the 
acid in the retort has a specific gravity of 1.842. 

The sulphuric acid of 1.842 specific gravity has the compo- 
sition (H,0)u(SOj)„. It freezes at —26° C. (—15° F.) and 
boils at 338° C. (640° F.). 

On exposing the acid of 1.842 specific gravity to a freezing 
mixture, crystals separate which have the composition repre- 
sented by the formula H5SO,. and which melt at a temperature 
of 10° C. (51° F.), and have a specific gravity of 1.848. This 
is considered the true monohydrate or HiSO,. 

Glacial Sulphuric Acid, H3SO., H,0. (Dihydrate.) 
Has a specific gravity of 1.780. Boils at 224° C. (435° F.) 
Graham's Sulphuric Acid, HjSO,. 2H,0. (Trihydrate.) 
Has a specific gravity of 1.632, and boils at a temperature 
of 175° C. (348° F.). 

Properties: -Sulphuric acid is an oily liquid, without odor, 
and, when pure, without color. As generally found in com- 
merce, it is more or less brown in color, owing to the presence 
of organic matter. It is an intensely corrosive poison. It has 
3 strong affinity for water, and when exposed to the air 
absorbs moisture from it and increases in volume and dimin- 
ishes in specific gravity. In the laboratory it is largely used 
as a drying agent. 

On account of its great affinity for moisture, it abstracts the 
elements of water from wood, leaving nothing but the carbon 
of the wood remaining. (The charring of wood by sulphuric 
add) 

It abstracts the cteniciiLs of water from oxalic acid, thus : 

Ox.illc Ciibon CurboD 

Add. DiQiidc, MonaiiJe. 

H,C,0, + H,SO. = HjSOj -f- H,0 + CO, + CO. 

It induces certain substances to assimilate the elements ol 
^ater, as in the preparation of glucose front starch. (The acid 
used must be dilute.) 

SUKh. Gtucote. 

CeHjoOj + H,0 -i- H3SO, = C,H„Oa + H,SO,. 
Impurities of Sulphuric Acid: Principally lead, derived 
from the leaden chambers, and arsenic, derived from arsenical 
lyrites used in the preparation of the acid. 
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Chemical properties: Sulphuric acid is one of the most^ 
[HHVLTful acids, and displaces all other acids from their c 
pounds. 

Behavior of the metals mth Sulphuric Acid : The 
niclals may bo divided into three classes, according to their 
action on sulpliuric acid, namely: 

1, Those which have no action on the acid, as the noble j 
metals, gold, platinum, etc. 

2. Those which, at ordinary temperature, have no action on , 
the acid, but act only on the application of heat, as copper. ' 

A ph yd tide. • | 

2H,0 -I- SOy 



Cop^c. SuTiihjiitf, 

Cu + 2H,S0, = CuSO, 



3. Those which, when brought in contact with the acid, I 
decompose it, with the evolution of hydrogen, as zinc. 



Zn 



H,SO, 



ZnSO, 



H, 



Sulphuric acid is a dibasic acid and forms two classes of 

salts, namely, acid sulphates, where only one atom of hydrogen 

of the acid is replaced by a metal, and normal sulphates, where 

both atoms of h)'drogen are replaced by a metal. 

Examples : 

NaHSO,. acid sodium sulphate. 
NajSO,. normal sodium sulphate. 

All sulphates of the metals are soluble in a-ater, except t 
sulphates of barium, calcium, strontium, lead, mercuty i 
silver. 

Detection of Sulphuric Acid : By acidising the solution 
to be tested with nitric acid and adding a solution of barium 
chloride. Sulphuric acid or a sulphate produces with barium 
chloride a white precipitate of barium sulphate. 

Eveiy 233 parts of barium sulphate (BaSO, molecular 
wc^ht = 233) are equivalent to 98 parts of H,SO,, or 80 
parts of SO, (SO, molecular weight = 80). Therefore the 
equivalent in H,SO, of a gi\-cn quantity of precipitate of 
BaSO, may be determined by the proportion : 

233 : SW :: weight of precipitate of BaSO, : x= H,SO,. 



I 
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SULPHUROUS ANHYDRIDE, SO2. 

Molecular weight, 64. Molecular volume, 2. Specific 
gravity compared with hydrogen, 32. Specific gravity com- 
pared with air, 2.247. 64 grammes measure 22.32 litres. 

Special history : The irritation produced in the human 
air passages by burning sulphur is mentioned by Homer and 
by Pliny. Its properties were investigated by Scheele and 
by Priestley, and the latter determined its true nature by 
burning sulphur in oxygen. 

Natural history : It is found in the air of volcanic districts, 
and in the air of cities as a result of the oxidation of sulphur 
in burning coal. 

Preparation : 1. By burning sulphur in air or oxygen. 

S + O2 = SO2. 

2. By bringing sulphuric acid in contact with red-hot carbon. 

2H2SO, + C = 2H2O + CO2 + 2SO2. 

3. By heating sulphuric acid with sulphur. 

2H2SO, + S = 2H2O + 380.. 

4. By heating sulphuric acid with metallic copper. 

Sulphurous 
Copper. Sulphuric Acid. Cupric Sulphate. Water. Anhydriae. 

Cu + 2H2SO, = CuSO, + 2H2O + SO2. 

As sulphurous anhydride is very soluble in water, it there- 
fore must be collected in dry bottles by displacement or over 
mercury. 

Properties : A colorless gas, having a strong, suffocating, 
sulphurous odor. It is neither combustible nor a supporter 
of combustion. It is liquefied under a pressure of 2 to 3 
atmospheres at ordinary temperature. At a temperature of 
— 17.8° C. (0° F.) it liquefies under the ordinar>' atmospheric 
pressure. It boils at — 10° C. (14° F.). It is soluble in water 
and alcohol. 1 volume of water at ordinary temperature 
absorbs about 40 volumes of the gas. 

Sulphurous anhydride is a powerful bleaching agent. It 
does not destroy the coloring matter, but forms colorless com- 
pounds with it. Most of these colorless compounds are 
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decomposed on exposure to direct sunlight, with the 
reappearance of the original color, as is frequently observed 
in straw goods which have been bleached by sulphurous 
anhydride. 

It is used to prevent or arrest fermentation, especially to 
prevent fermentation in cider, for which purpose it is largely 
employed in its combination with calcium as calcium bisulj 
CaS0,.HjSOv 

The gas is a valuable antiseptic and disinfectant. 

It is a powerful reducing agent, owing to its tendency to 
become oxidized. It readily reduces arsenic acid to arsenious 
acid, thus : 

AKSnlc SulphLinut Sulph.mc Aneniinu 

Add. Andydiicle. Acid. Add. 

2H,AsO, + 2SO, -r IWp = 2H^0. -|- 2H,AsO,. 
It reduces mercurous nitrate to metallic mercury, 

MercuKul Nllnlc. Niiric Add. Hncuiy. 

Hg^NO^ + SO, -\- 2H3O = H^O, + 2HNO, + Hg,. 

It does not reduce mercuric compounds. 

Sulphurous anhydride in the presence of moisture decom- 
poses hydrogen sulphide, with the formation of pentathionic 
acid and the separation of sulphur, thus : 

Sulphuimii Hvdrogtn PcBUUmnic 

AnhrdtLde. Sulphide. Acid. 

oSO, -\- 5H,S = 4H,0 + H,S,0, + 



^"^ 



SULPHUROUS ACID. H^O,. 



Water at ordinarj- temperature absorbs about 40 times its 
volume of sulphurous anhydride, forming a solution of sulph ur- 
ous acid. 

Aa^<lndi. Wmb. AcftL 

SO, + H,0 = H^O, 
Sulphurous add is a dibasic acid, one or both atoms of the 
hydrt^en being replaceable by a metal, forming salts c 
respectively, add and normal sulphites, as, 

NaHSO,. acid sodium sulphite. 
NajSO,. normal sodium sulphite. 
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All sulphites are insoluble in water, except the sulphites of 
the alkalies and the bi-sulphites of the alkaline earths. 

All sulphites, under ordinary conditions, are decomposed on 
the addition of a stronger acid, with the formation of a salt 
of the acid added, water, and the evolution of sulphurous 
anhydride, thus : 

Sodium Hydrochloric Sodium Sulphurous 

Sulphite. Acid. Chloride. Water. Anhydride. 

Na^SOa + 2HC1 = 2NaCl + H2O + SOj. 



THIOSULPHUROUS ACID, H.Sj03 (formerly called Hyposul- 

phurous Acid). 

The free acid has never been isolated. It is known only in 
combination with a metal as a salt — a thiosulphite. 

The salts of thiosulphurous acid are prepared by boiling a 
solution of a sulphite with sulphur, thus: 

Sodium Sodium 

Sulphite. Thiosulphite. 

NaoSOa -;- S = NagSoOj. 

The thiosulphites are decomposed on the addition of a 
stronger acid, with the formation of a salt of the acid added, 
water, the evolution of sulphurous anhydride and the separa- 
tion of sulphur, thus : 

Sodium Hydrochloric Sodium Sulphurous 

Thiosulphite. Acid. Chloride. Water. Anhydride. Sulphur. 

Na^SA + 2HC1 = 2NaCl -\- H^O -f- SO^ + S. 

Sodium thiosulphite (formerly called sodium hyposulphite) 
is largely used in photography to dissolve argentic chloride, 
thus: 

Argentic Sodium Sodium Soluble Argentic Sodic 

Chloride. Thiosulphite. Chloride. Thiosulphite. 

2AgCl + SNagSA = -NaCl -1- Ag2S203(Na,,S203)2- 

Sodium thiosulphite is employed in analytical chemistry to 
separate aluminium from iron. Aluminium is precipitated by 
the thiosulphite as aluminium oxide, while the iron remains in 
the solution unchanged, thus : 

Aluminium Sodium Sodium Aluminium Sulphurous 

Sulphate. Thiosulphite. Sulphate. Oxide. Anhydride. Sulphur. 

A^SOOa + oNaA'^>, = :]Na.,SO, -;'- AIA -|- 3S0, + 3S. 

19 
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Sodium thiosulphite in the presence of iodine forms sodium 
iodide and sodium tetrathionate, thus : 

Sodium Sodium Sodium 

Thio^^uIphite. Iodine. Iodide. Tetrathionate. 

2Na.,SA + I2 = 2NaI + NagS^Og. 



HYPOSULPHUROUS ACID, H2SO2. 

Preparation : By acting on zinc with sulphurous acid. 

Sulphurous Zmc H) posulphurous 

Acid. Zinc. 0\ide. Acid. 

H2SO, H- Zn = ZnO + HgSOj. 
It combines with metals 'to form salts called hyposulphites. 



DITH IONIC ACID, HsS^Og. 

Preparation : By the action of sulphurous anhydride on 
manganese dioxide in suspension in cold water. 

2S0,. + MnO. = MnSA- 

The MnS.jOg (manganous dithionate) is treated with barium 
sulphide. 

MnSA + BaS = MnS + BaSA» 

and the barium dithionate, BaSoOg, is finally treated with just 
sufficient sulphuric acid to liberate the dithionic acid. 

Dithionic Acid. 

BaSp, + H,,SO, = BaSO, + HjSaOg. 

Properties : A colorless, odorless liquid having a specific 
gravity of l.o47. 

HYDROGEN AND SULPHUR. 
HYDROGEN SULPHIDE, H2S. (Sulphuretted Hydro«:en.) 

Molecular weight, 34. Molecular volume, 2. Specific 
^^ravity compared with hydrogen, 17. Specific gravity com- 
pared with air, 1.1912. 34 grammes measure 22.32 litres. 34 
erains measure 9.'>..*>3 cubic inches. 

Special history : It was known in early times. Scheele, 
in 1777. first poiiUed out its constituents. 
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Natural history : Hydrotjen sulpliidc is found in volcanic 
ises and in certain mineral waters — sulphuretted waters. It 
occurs in the yases resulting from the putrefaction of organic 
substances containing sulphur, particularly in the gases result- 
ing from the putrefaction of organic substances of animal 
origin. Hydrogen sulphide is formed when the white of egg 
(albumin, a substance containing sulphur) undergoes decom- 
position. The blackening of a silver spoon by the contents ot 
an egg is due to the action of hydrogen sulphide, and indicates 
that the egg has undergone more or less decomposition. 
Preparation : 1. By decomposing a sulphide with an acid, 
(o) The action of dilute sulphuric acid on ferrous sulphide. 

Fenoui Siilphutie Ferrom Hydrogtn 

FeS -f H,SO. = FeSO, -f- H^S. 
Hydrogen sulphide prepared from ferrous sulphide may 
contain impurities, and consequently should be washed by 
being passed through a Wou!fl"s bottle containing water before 
being used in delicate experiments. 

(*) Tho action of hot dilute hydrochloric acid on anti- 
sulphide. HjS prepared by this method is pure. 



Hydrot 



hyJrot 



aSbClj -h 



Sulphidi. 

.■IHjS. 



Sulphide. 

Sb.S, -f (iHCl 
Properties : Hydrogen sulphide is a colorless gas, having 
an odor somewhat similar to the odor of rotten eggs. It is 
freely absorbed by water. Water at 15° C. (5il° F.) absorbs 
times its volume of the gas. It is a poisonous gas. Under 
a pressure of 17 atmospheres it is liquefied at ordinary tem- 
perature. At a temperature of — 74° C. ( — 101° F.) it becomes 
liquid at ordinary pressure. It is combustible, burning with a 
pale blue flame. It has acid properties, and is classed with 
the hydrogen acids. Certain metals are directly capable of 
displacing the hydrogen of the compound, with the formation 
of a sulphide of the metal. Thus : 

Silvei. Argcnlic Sulphide. 

Ag. ^ HjS = Ag,S -;- H,. 
» All sulphides are insoluble except the sulphides of the 
Qcalies and the alkaline earths. 
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Hydrogen sulphide is used in the laborator}- as a reagent to 
precipitate the metals of the second group. 

The colors of the various sulphides produced by hydrogen 
sulphide are, in many cases, characteristic and serve as im- 
portant tests. 

Examples : 

Antimonious sulphide, 55283, orange red. 
Arsenious sulphide, As^S.j, yellow. 
Cupric sulphide, CuS, black. 
Cadmium sulphide, CdS, yellow. 
Zinc sulphide, ZnS, white. 

CARBON AND SULPHUR. 

CARBON DISULPHIDE, CS.. 

Preparation : By passing the vapor of sulphur over red-hot 

carbon (charcoal). 

C -i- S — CS 

Its principiil use is as a solvent for caoutchouc (rubber), 
sulphur and phosphorus. 

PHOSPHORUS. P. 

Atomic weight, ol. Specific gravit\' compared with hydro- 
gen, 62. Its capacity for heat (0.21) multiplied by its atomic 
weight (.*n) gives a result of G.ol. 0.21 .\ ol = «3.51. Atomic 
volume, i. Molecular weight, 124. Valence III, V. 

Special history : Discovered by Bnmdt, in 1669, in urine. 
Gahn, in 1768, discovered phosphorus in bones (present as 
calcium phosphate. Ca^^PO^Yj, and in 1769 Scheele devised a 
method bv which it could readilv be obtained from bones. Its 
elementary character was determined in lsl<^-1812 by Davy, 
Gav-Lussac and others. 

Natural history: It is never found in nature in the free 
state, but alwavs in combination. It is widelv distributed in 
nature as native phosphates, principally as calcium phosphate. 
Ca;i,rO,\.. I; i< a consnii:o!'i:. in >ni.r.] v::;ap.tit\*. yA \cgetablc 
striictinv> .nui av.inial v^^iu-- 
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Hponlaneous combustion of the phosphorus will take plat 
This latter occurs because of the finely divided condition c 
the phosphorus. 

Phosphorus occurs in four varieties, namely : 1 . Clear,] 
transparent varietj'. 

A soft, yellow, wax-like substance, having a garlic-like odor. I 
Specific gravitj', 1,84. This is the ordinary variety usually I 
found in commerce in the form of sticks. 

2. White, opaque variety. 
This variety is formed by the action of light on the yellow 

variety when kept under water. It appears as a white crust 
on the sticks of the yellow variety. Specific gravity, 1.51. 

3. Black variety. 

Produced by melting the ordinarj- phosphorus and sudden lyl 
cooling it to 0° C. (32° F.). 

4. Red varietj-. 
Produced by heating yellow phosphorus at a temperature o 

about 2;iS° C. (4fiO° F.) for 30 or 40 hours in an atmo.spherftl 
of carbon dioxide or in any gas free from substances that willfl 
oxidize the phosphorus. It is an amorphous body and of a J 
dull red or maroon color, without taste and odor. SpeciSca 
gravity-. 2.17. Its firing point is 316° C. (600° F.). It ia | 
insoluble in carbon disulphide. By the action of heat, in the J 
presence of air, it is changed back to the yellow variety, Ig 
is permanent in the air and gives off no vapor. 

Both the yellow and red varieties of phosphorus are extend 
sively used in making lucifer matches. The material on I 
so-called safety matches is composed of red phosphorus intl-J 
mately mixed with substances that readily give up tbein 
oxj'gen, such as the following mixture: 

PoUssium Chlorate. KCIO,. 32 parts. 

Potassium Bichromate. K,Cr,Or, 12 "' 

Red Lead, Pb,0,. 32 " 

Antimonious Sulphide, SbjSj. "24 " 

Physiological properties: All the varieties of phosphoi 

with the exception of the red variety are poisonous. 

vajKirs, when inhaled, produce necrosis of the jaw-bonu 

Necni-Ms of the jaw-bone is, consequently, a common disc: 



.VOTES ON CHEMICAL LECTURES. 



1G3 



in persons who are engaged in making lucifer matches. The 
ted, non-poisonous varietj-, which gives off no vapor at ordinary 
temperature, is now largely used in match making, thereby 
considerably lessening the danger of necrosis in the workmen, 

The symptoms of phosphorus poisoning are often long 
delayed, sometimes not appearing for many hours or even 
days. In the most rapidly fatal case reported, death occurred 
in 12 hours; in the most prolonged case it occurred in 12 
■days. 

\ of a grain has proved fatal in an adult. 

5>5 " •' " a child. 

Antidote, a dilute solution of cupric sulphate. 

Phosphorus, in combination as phosphates, phosphites and 
hypophosphites, is largely used in medicine. 

Detection of uncombined phosphorus: 1. Mitscherlich's 
test. 

Consists in distilling the substance containing the free phos- 
jphorus with diluted sulphuric acid, and conducting the 
evolved vapors through a glass tube surrounded by a glass 
Liebig's condenser. The vapor of phosphorus is thus con- 
densed, and gives rise to a continuous luminosity when observed 
in the dark. 

By this method -^ of a grain of phosphorus in 200() fluid 
grains of water has been recognized. In this case the lumin- 
osity continued during 34 minutes, and therefore the amount 
of phosphorvts that passed through the tube per second must 
'have been something less than the T-jtiVinj P^'^ of ^ grain; 
yet this was even more than sufficient to identify the phos- 
phorus with absolute certainty. 

2. Hydrogen mc'thod. 
Is based upon the property possessed by free phosphorus, 

and the lower oxides of phosphorus, of forming, with nascent 
hydrogen, hydrogen phosphide, H^P. which burns with a 
greenish flame. 

3. Phosphide of silver method. 
The substance containing free phosphorus is distilled with 

£lute sulphuric acid, as in Mitscherlich's method, except that 
I stream of carbon dioxide is continuously passed through the 
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apparatus, and tlie vapor of phosphorus is conducted into a 
solution of argentic nitrate, with which it forms insoluble 
argentic phosphide. The argentic phosphide is collected and 
washed on a filtL-r which has been previously washed with 
dilute nitric acid and water; it is then suspended in a little 
water and placed in the hydrogen apparatus as in the hydro- 
gen method. The argentic phosphide is decomposed in the 
presence of nascent hydrogen, with the formation of hydrogen 
phosphide. H5P, which burns with a green flame. 

COMPOUNDS OF PHOSPHORUS AND OXYGEN. 

PjO, Hypophosphorous oxide or anhydride (has never been 
isolated). 

P,0„ Phosphorous oxide or anhydride. 

PA- Phosphoric 

All of these anhydrides form acids with the elements \ 
water. 

P,0 + 3HaO = ■2H,P0„ Hypophosphorous acid. 

PjOj + 3H,0 = 2HjPOs, Phosphorous acid. 

PjOs + 3HsO = 2H3PO,. Orthophosphoric acid. 



PHOSPHORIC ANHYDRIDE, P3O-. 

Molecular weight. 142. Occurs in nature in combination! 
phosphates. 

Preparation: Hy burning phosphorus in dry oxygen i 

P, -'r O^ = PjO.v 

Properties : A white, flaky solid. It has an intense afnni 
for moisture, and therefore rapidly deliquesces in the air. 

Phosphoric anhydride enters into combination with 
elements of one, two or three molecules of water, form 
acids, as follows; 



PA + 



r HjO — 2HPO3, Metaphosphoric acid. 

2HjO = H.PA. Pyrophosphoric add. 

SH^O^airj'O,. Orthophosphoric add ij 
^ • mon phosphoric a 
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Preparation of the three acids formed by P2O5 with the 
elements of HgO, 

1. Metaphosphoric acid, HPO3. (Glacial phosphoric acid.) 
(a) By dissolving phosphoric anhydride in water. 

PA + H2O = 2HPO3. 

(^) By heating phosphorus with strong' nitric acid, evapor- 
ating to dryness and strongly heating the residue. 

Pfi + IOHNO3 = lONO + 2H2O + 6HPO3. 

2. Pyrophosphoric acid» H^PjO-. 

By heating orthophosphoric acid to 215° C. (419° F.). 

3. Orthophosphoric acid, H3PO4. 

By heating phosphorus with dilute nitric acid. 

Pg + IOHNO3 + 4H2O = lONO + 6H3PO4. 

The three acids may be distinguished from one another by 
their behavior with .albumin, argentic nitrate and barium 
chloride. 



WITH ALBUMIN. 



WITH ARGBNTIC NITRATE. 



WITH BARIUM CHLORIDE. 



Metaphos- i Coagulates, 
pboric acid. I 

Pyrophos- ! No action, 
phoric acid. ! 



Orthophos- 
phoric acid. 



White, gelatinous precip- White precipitate, 
itate (AgPO,). 

No precipitate, unless the , No precipitate, unless 
solution is rendered { the solution is slightly 
alkaline, when a white alkaline, when a white 
precipitate (^g^l^iOY)! precipitate is produced, 
is produced. 



No action. 



No precipitate, unless the 
solution is rendered 
alkaline, when a yellow 
precipitate (AgjPOJ, 
is produced. 



No precipitate, unless 
the solution is slightly 
alkaline, when a white 
precipitate is produced. 



One, two or all three atoms of hydrogen in orthophosphoric 
acid may be replaced by metals, forming three classes of salts. 

Examples: 1. NaH2P04, dihydrogen sodic phosphate. 

2. Na2HP04, disodic hydrogen phosphate (ordinary sodium 
phosphate). 

3. Na3P04, trisodic phosphate. 

The hydrogen atoms may be replaced by elements differing 
in kind, as : 

NaNH^HPOj, sodium ammonium phosphate (microcosmic 
salt). 
20 
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MgNH^PO^, magnesium ammonium phosphate. 

Magnesium ammonium phosphate when strongly heated 
breaks up into magnesium pyrophosphate, water and am- 
moniacal gas. 

Magnesium Magnesium 

Ammun. Phosphate. Pyrophosphate. Water. Ammonia. 

2MgNH,P0, = Mg^PgO; + H^O + 2NH3. 

AH four atoms of hydrogen in pyrophosphoric acid are 
replaceable by a metal, as: 

MgaPjO;, magnesium pyrophosphate. 

The one atom of hydrogen in metaphosphoric acid is 
replaceable by a metal, as : 

NaPOg, sodium metaphosphate. 
Ca(P03)2, calcium metaphosphate. 
Orthophosphoric acid is tribasic. 
Pyrophosphoric acid is tetrabasic. 
Metaphosphoric acid is monobasic. 

PHOSPHOROUS ANHYDRIDE, P2O3. 

Molecular weight, 110. 

Preparation : By burning phosphorus in a limited supply 
of air. 

Properties : A white, flaky, non-cr}'stalline substance. It 
is very volatile, emitting a garlic-like odor. 

PHOSPHOROUS ACID, H3PO3. 

Preparation : By adding phosphorus trichloride to water. 

Phosphorus Hydn>chloric Phophorous 

Trichloride. Water. Acid. Acid. 

PCI3 ^- :UI,0 = .mCl + H3PO3. 

It enters into combination with metals to form phosphites. 
It is dibasic. onK* two oi the three atoms of hvdroijen in the 
aciii boiiiv; rcjilaccible b)" .i metal, as : 

Xa.i \ ro.. 

Nail.l'O,. 

Caiiro, 



NOTES ON CHEMICAL LECTURES. 167 

HYPOPHOSPHOROUS ANHYDRIDE, P2O. 

This anhydride has never been isolated. It is known only 
in combination. 

In combination with the elements of water it forms hypo- 
phosphorous acid. 

P3O + 3H2O = 2H3PO2. 

HYPOPHOSPHOROUS ACID, H3PO2. 

Preparation : By heating phosphorus with a strong solu- 
tion of barium hydroxide, and decomposing the barium hypo- 
phosphite produced by means of sulphuric acid, which sets 
the acid free. 

Properties : A thick liquid having a strong acid reaction. 

Hypophosphorous acid forms a class of salts called hypo- 
phosphites. 

Hypophosphorous acid is monobasic, only one of the atoms 
of hydrogen in the acid being replaceable by a metal, as, 

NaHjPOj, Sodium hypophosphite. 
Ca(H2P02)2, Calcium hypophosphite. 

HYDROGEN PHOSPHIDE, H3P. (Phosphoretted Hydrogen.) 

Molecular weight, 34. Molecular volume, 2. Specific 
gravity compared with hydrogen, 17. Specific gravity com- 
pared with air, 1 .1 9. 

Natural history: Evolved in the putrefaction of organic 
substances containing phosphorus. 

Preparation ; By boiling phosphorus in a strong solution 
of a fixed alkali, thus : 

PotaM. Potass. Hydro|;en 

Phosphorus. Hydroxide. Water. Hypophosphite. Phosphide. 

P, + 3K0H + 3H2O = 3KH2PO2 + PH3. 

Properties : A colorless gas having an odor similar to that 
produced by putrefying fish. 

The gas as ordinarily prepared is spontaneously inflam- 
mable when in contact with air ; but this does not occur if 
the gas bo pure. This spontaneous inflammability is due to 
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the presence of the vapor of liquid hydrogen phosphide, H|l 
one part of which in 500 parts of H^P is sulficicnt to conq 
this property upon it. 

CHLORINE. CI. 



Atomic weight, 35.5. Atomic vohime, 1. Molecular weight. 
71. Molecular volume, 2. Valence I. Specific gravity 
compared with air, 2.47. Specific gravity of chlorine in the 
liquid state, 1.33. 35.5 grammes measure 11.16 litres. 

Special history: Scheele recognized it in 1774, and called 
it " dephlogisticated muriatic acid." In 1810 Davy demon- 
strated its elementary nature, and called it chlorine. 

Natural history : It is never found free in nature. It 
occurs in combination with sodium and with other metals in 
salt mines, sea water, and in various minerals as argentic 
chloride, plumbic chloride, etc. In volcanic districts it is 
found in combination with hydrogen as vapor of hydro- 
chloric acid. 

It is present, in combination, in all foods, especially in those 
of animal origin, and is a constituent of all animal secretions. , 

Preparation : 1 . By heating manganese dioxide with hydrovl 
chloric acid. 






MnClj 



Cbloil 



2. By heating a mixture of .sodium chloride and manganei 
dioxide with sulphuric acid. 



Sulphutk Man 



Ollorldi. D 

2NaCl-f MnO, + 2H,SO, 



^ MnSO.-f- 




Na^SO.-i- 2H,0+C1^ 

If sodium chloride alone, without manganese dioxide, be 

heated *vith sulphuric acid, hydrochloric acid gas will be givci 

off Thus : 

2NaCl + H,SO. = NajSO. + 2HCI. 
3. By heating calcium hypochlorite (bleaching limej wifl 
sulphuric acid, 

CnCI,0 -.- H,SO, - CiSO, -j- HjO -J- Cl^. 
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CHLORINE AND HYDROGEN. 
HYDROCHLORIC ACID, HCI. 

Molecular weight, 36.5. Molecular volume, 2, Sj 
gravity compared with hydrogen, 18.25, :JG.5 grami 
measure 22.32 litres. 

Special history; It was first obtained, in its gaseous form, 
by Priestley in 1772, Scheele suspected its real nature in 
1774, but it was believed by others to be an element. Davy 
finally established its true composition. 

Natural history: Hydrochloric acid is not found in tl 
free state in the animal kingdom, except in the gastric juii 
It is also not found free in the vegetable kingdom. It 
constituent of the gases issuing from volcanoes. The white 
clouds hovering over the crater of an active volcano are 
largely due to gaseous hydrochloric acid entering into combi- 
nation with aqueous vapor in the air to form vapors of the 
liquid acid. 

Preparation : 1. By exposing a mixture of hydrogen 
chlorine to sunlight. 

H + CI = HCI. 

2. By heating sodium chloride with sulphuric acid ati 
moderate temperature. 

Ssdlum Chloride. Sulphuilr. Acid. Add Senium Sulghalc. Hy< 

NaCI -f H^O, = NaHSO, + HCI. 
At a higher temperature the following reaction occurs; 

SvdluDi ChlDiidf. Sulphuric Acid. NQira>] Sodium SuiphaK:, Hfdractilorie 41 

2NaCl + H,SO, = Na^SO, + 2HCL 
Properties : A colorless gas having a pungent odor and a 
strong acid taste. It is poisonous to animal and vegetable 
life. Under a pressure of 40 atmospheres at a temperature of 
10° C. (50" F.) it forms a colorless liquid having a specific 
gravity of 1.27. It is not combustible nor a supporter of 
combustion. 

Hydrochloric acid gas is exceedingly soluble in water, < 
volume of water absorbing from 480 to 500 times its volui 
of the ga.s, forming the ordinary liquid hydrochtoncj 



in 
ivy^l 

m 
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HYDROCHLORIC ACID. HCI (Muriatic Acid). 
(The Aiiueous Solution of the Qas.] 

Preparation; 1. By dissolving hydrochloric acid gas in 
cold water; the water will increase in density and also in 
volume. The increase in volume of the liquid up to the point 
of saturation is about ^, /. e., 7 volumes of water increase to 8 
volumes. The saturated solution has a specific gravity of 1.21. 

A convenient mixture for preparing the gas is composed of 

Sodium chloride 6 ounces. 

Sulphuric acid 10 " 

Water 5 " 

The gas produced on heating this mixture is conducted into 
of cold water until the volume of liquid has increased 
ounces. The solution of acid thus prepared is saturated 
and has a specific gravity of 1.21. 

Properties : A colorless liquid when pure, but as found in 
commerce it is usually slightly yellow. The acid having a 
specific gravity of 1.11 contains 20 per cent, of anhydrous 
HCI, that of 1.21 specific gravity contains 42 per cent, of 
anhydrous HCI. 

The ordinary acid sometimes contains impurities, as sul- 
phuric acid, arsenic, iron, tin and lead. 

Chemical properties ; It is the type of the hydrogen acids. 

The hydrogen of the acid may be replaced by a metal 
'forming a simple salt called a chloride. 

All chlorides are soluble in water, except argentic chloride, 
Inercurous chloride and plumbic chloride. 

The Metals may be divided Into three Classes, according to their 
Behavior with Hydrxtchlortc Acid i 

1. Those which decompose the acid at ordinary tempera- 
ire, as iron, zinc, etc. 

2, Those which decompose the acid only on the application 
; heat, as copper, mercury, etc. 

S. Those which have no action on the acid, as the noble 
►%Is, gold, platinum, etc. 
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Hydrochloric acid decomposes nitric acid, with the formatioij 
of nitro-hydrochloric acid (aqua regia), which is a solution c 
taining azolyle chloride and free chlorine. Three molecules Q 
hydrochloric acid act upon one molecule of nitric acid, thus 3 

Hydniditarlc Aisiylc 

Acid. Nllric Acid. W.iei. Chloride. Chlatin.. 

3HC1 + HNO, = 2H,0 + NOCl, + CI. 

When nitro-hydrochloric acid is heated, it evolves nitrogen 
protoxide and chlorine, which latter, in the nascent state, ( 
solves gold and platinum : thus, in the case of gold : 

Aioltlr Gold NitroacB 

Chloride. Chlorine. Cold. Chloride. ProiuidE. 

2NOC1, + 2Cl + 2Au = 2AuCl, + NA- 

Selenic acid, H,SeO„ is the only single acid that will c 
solve gold. 



COMPOUNDS OF CHLORINE AND OXYGEN. 

Chlorine combines with oxygen in several proportions to 
fonn oxides. All the compounds of chlorine and oxygen a 
unstable. The direct union of chlorine with oxygen has uev< 
been oflectcd. 

There are possibly fivu compounds of chlorine and oxygei 
Only three of them have thus far been isolated. 

CljO, Hypochlorous oxide or anhydride. 
CljOj, Chlorous oxide or anhydride. 
CljO,. Chlorine peroxide. 

CljOj,? Chloric oxide or anhydride, "j Have aever been 
CljOj,? Perchloric oxide or anhy- V tained in their uncoill 
dride, J bined state. 

These oxides of chlorine, except chlorine peroxide, ent| 
into combination with the elements of water to form aci4 



namely : 



CljO ■\- HjO = 2HCiO, Hypochlorous acid. 
CIA + H,0 = 2HC10,, Chlorous acid. 
CIA. + HjO = 2HCI0;,, Chloric acid. 
CIA + HjO ^ 2HC10<, Perchloric acid. , 



i 



X 
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HYPOCHLOROUS ANHYDRIDE, CljO. 

Molecular weight, 87. Molecular volume, 2. Specific grav- 
ity compared with hydrogen, 43.5 ^ with air, 3.01. 

Preparation : By passing dry chlorine over dry mercuric 
oxide. 

Mercuric Oxide. Chlorine. Mercuric Oxychloridc. Hypochlorous Oxides 

2HgO + CI, = HgC]2,HgO + C1,0. 

Properties : A deep yellowish-green gas, having an in- 
tensely suffocating odor. At a temperature of — 20^ C. ( — 4^ 
F.) it is condensed to a red liquid. On exposing the liquid to 
direct sunlight, or applying a slight heat, it undergoes decom- 
position with explosive violence. 

With the elements of water it forms hypochlorous acid, 
HCIO. 

HYPOCHLOROUS ACID, HCIO. 

Preparation : By the action of water on hypochlorous 

anhydride. 

CI2O + H^O = 2HC10. 

Properties : A yellowish-red liquid, having an odor resem- 
bling that of chlorine. It is a strong irritant poison. 

Hypochlorous acid enters into combination with basic sub- 
stances, forming unstable salts, called hypochlorites. Sodiuni 
or potassium hypochlorite may be prepared by passing chlorine 
into a solution of, respectively, sodium hydroxide or potassium 
hydroxide. 

Sodium Sodium Sodium 

Hydroxide. Chlorine. Hypochlorite. Chloride. Water. 

2NaOH + Clj = NaClO + NaCl + H,0. 

Calcium hypochlorite is prepared by bringing chlorine ia 
contact with recently slaked lime. 

Calcium Hypochlorite. 

2CaO + CI4 = 2CaCl20. 

Calcium hypochlorite is the ordinary chlorinated lime or 
bleaching lime, largely used for disinfecting and bleaching^ 
purposes. Its bleaching action is due to its property of 
evolving oxygen, which in the nascent state is the real bleach- 
ing agent. 
21 
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The hypochlorites of the alkalies have a strong decon 
posing action on certain organic substances, as, for exampi 
urea is broken up by their action into carbon dioxide, ' 
and nitrogen. 



Un<i. SodlumHyiHichloriic. 

CO(NH^, 4- SNaClO = 



:!N,-iCl + CO, + 2HoO + NV 



CHLOROUS A^HVDRIDE. CLO.,. 

Preparation : By heating a mixture of potassium chlora 
arsenioiis oxide and nitric acid. 



■2KC10,+ A^.O, + 2HNO, = 2KNO,-i-As,0,+ HjO-|-ClA' 

Properties : A yellowish -green gas. It combines with tlie 

elements of ivater to form chlorous acid. 

CHLOROUS ACtO, HClOa, 

Preparation: By the action of water on chlorous anM 
dridc. 

CIA + H,0 = 2I-iC10,. 

Properties: A very unstable compoiuid. It forms 
called chlurites. 



CHLORINE PEROXIDE, CIA. 

Preparation ; liy the action of sulphuric acid on potassiifl 

chlorate. 

3KC10, + 2H,S0, ^ KCIO, + 2KKS0. + H,0 + CI,Q 

Properties: A greenish-yellow gas having a strong c^ 
rous odor. At a temperature of 60° 0.(140*^ F.)it undcr^ 
decomposition whh explosive violence. It forms neither I 
acid nor salts. 

CHLORIC ANHYDRIDE. CIA- 

Not known e.^;cept in combiiiation as chloric acid, HC 
or as a chlorate of a metal. 
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CHLORIC ACID, HCIO3. 

Preparation: By the action of chlorine on potassium 
hydroxide, forming potassium chlorate KCIO3, and then de- 
composing the latter with hydrofluosilicic acid. 

{a) 6KOH + Clg = 5KCI + KCIO3 + aiip. 
\S) 2KCIO3 + H^SiFfi = 2HCIO3 -i- K,SiF,, 

Properties : A syrupy liquid having a strong chlorous 
odor. It breaks up at a temperature of 38° C. (100° F.) into 
oxygen, chlorine, perchloric acid and water. 

It is a monobasic acid and forms salts called chlorates. The 
chlorates are soluble in water. They are all decomposed by 
heat, with the formation of a chloride and the evolution of 
oxygen. A chlorate heated with charcoal explodes with great 
violence. 

PERCHLORIC ANHYDRIDE, ZVf^i. 

This anhydride is not known in the free state. It is known 
only in combination as perchloric acid, HCIO4, or as a per- 
chlorate of a metal. 

BROMINE, Br. 

Atomic weight, 80. Valence I. Specific gravity (liquid) 
compared with water, 207. 

Special history: It was discovered by Balard in 1828, in 
" bittern," the mother liquor remaining after the crystallization 
of salt from sea water. At the time it was supposed to be a 
compound of chlorine and iodine, but its elementary nature 
was soon afterward proved. 

Natural history : It never occurs in nature in the free 
state. It is contained in sea water in combination as magne- 
sium bromide. 

Properties : Bromine is a dark brownish-red liquid, evolving 
brownish-red fumes at ordinary' temperature. 

It forms hydrobromic acid, HBr, with hydrogen, and in 
combination with metals forms simple salts called bromides, as 
potassium bromide, KBr. 
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With liydrogcn and oxygen it forms hypobromoiis acid, 
HBrO, the hydrogen of which may be replaced by metals, 
forming hypobromites, as sodium hypobromite, NaBrO. 



IODINE, I. 

Atomic weight, 127. Valence I, Specific gravity of solid 
iodine compared with water, 4.97. 

Special history: It was discovered by Courtois in 1812. 

Natural history : It never occurs in nature in the free 
state. It is found in sea water as calcium iodide, and in sea 
weeds as an alkaline iodide. It is said to be an invariable 
constituent of cod-liver oil (0.04 to 0.32 per cent.). 

Preparation: It is obtained from the sodium iodide of the 
ashes of sea weeds by distilling the solution of sodium iodide 
with manganese dioxide and sulphuric acid. 
2NaI + MnO, + 2H^O. = Na,SO, -\- MnSO, -f IWfi + I>. 

The iodine thus obtained is purified by resublimation. 

Properties ; Iodine is a bluish-black crystallinable solid. It 
has a characteristic odor and an acrid taste. It vaporizes at 
ordinary and also at high temperatures unchanged. The color 
of the vapor is violet. 

It forms hydriodic acid, HI, with hydrogen, and in combi- 
nation with metals forms simple salts, called iodides, as potas- 
sium iodide, KI. 

With hydrogen and oxygen it forms iodic acid, HIO„ the 
hydrogen of which may be replaced by metats, forming iodates, 
as potassium iodate, KIO3. 



FLUORINE, Fl. 

Atomic weight, lii. Valence I. 

Fluorine is never found free in nature. It is found in com- 
bination as calcium duoride, CaFj, and as cryolite, sodium 
aluminium fluoride (NaFjjAljF^. Bone contains about one 
per cent, of calcium fluoride. 

Preparation : By the action of sulphuric acid on a mixture 
of manganese dioxide and calcium fluoride. 
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Properties : A gas said to have a yellow color. It com- 
bines with every known element except oxygen. It has a 
powerful corrosive action on glass. Its combination with 
hydrogen, hydrofluoric acid, HF, is largely used to etch glass. 



GENERAL FACTS REQARDINQ THE METALS. 

Physically, a metal is an opaque body, having a metallic 
lustre, and possessing, for the most part, a good conducting 
power for heat and electricity. 

Chemically, a metal is an element capable of forming a 
base by its combination with oxygen, and a salt by its combi- 
nation with an acidulous radical. 

In nature the metals are found either in the free state or in 
combination. Some are widely distributed, while others are 
found in small quantities only and in few localities. 

The metals under ordinary conditions are solid, with the 
single exception of mercury. 

With the exception of gold (yellow) and copper (red), they 
are all more or less gray or white in color. 

The metals vary in specific gravity from lithium, 0.59, the 
lightest, to osmium, 22.4, the heaviest. 

The melting points of the metals vary greatly. Mercury 
melts at —38.8° C. (—37.9° F.). gallium at 30° C. (86° F.), 
sodium and potassium between 60° C. and 100° C. (143° F. and 
212° F.), iron at between '1500° and 2500° C. (2732° F. and 
4462° F.). They var>' in hardness, tenacity, malleability, duc- 
tility, etc. 

Their commercial value varies from iron, worth about 1 to 
2 cents per pound, to vanadium, worth about 5000 dollars a 
pound. Gold is worth about 300 dollars a pound. There 
are about twenty metals more valuable, commercially, than 
gold. 

The metals are all electro-positive. Arsenic, antimony and 
tellurium have the feeblest electro-positive properties, caesium 
has the strongest. 

They are divided, according to their saturating power com- 
pared with hydrogen, into monads, diads, triads, tetrads, etc. 
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They differ in their atomic weights, from lithium. 7, thej 
lowest, to uranium, 240. the highest. The lower the atomic] 
weight of an element the higher is its capacitj' for heat, 

Example: Lithium, atomic weight T, capacity for heat 1 
0.940. Uranium, atomic weight 240, capacity for heat 0.027. 

The metals may be arranged in four classes, viz, : 

1. The alkalies, as potassium, sodium, etc, 

2. The alkaline earths, as barium, strontium, calcium and 
magnesium. 

8. The earths proper, as aluminium, cerium. 

4, The metals proper, as gold, lead, etc. 

The metals are, in addition, arranged in groups according to 
their behavior with group reagent-^, as those precipitated by 
hydrocliioric acid, those by hydrogen sulphide, etc. 

The metalfi may unite with one another to form compounds, 
called respectively alloys and amalgams. An amalgam is a 
combination of mercury with another metal. 

It is not yet determined with absolute certaintv' whether 
alloys and amalgams are definite chemical compounds or 
merely mechanical mixtures. 

All the metals combine with oxygen to form oxides, which 
latter may be arranged in three classes, namely, basic oxides, 
neutral oxides and oxyacid radicals. 

A metal may displace the hydrogen of a hydrogen acid, or 
the hydrogen of an oxyacid, to form, respectively, a simple 
salt and an oxysalt. 

Chemical affinity is modified by conditions such as tem- 
perature, the production of a soluble or an insoluble com- 
pound, etc. 

The positive or negative intensities of elements and com- 
pounds modify chemical combination. If, for example, a basic 
substance, as potassium hydroxide, be mixed with sulphuric 
acid and nitric acid, the basic substance, potassium, will 
distribute itself between the two acids according to its relative 
affinity for them. In a similar manner if sulphnric acid be 
mixed with dissimilar basic substances, as potassium hydroxide 
and sodium hydroxide, the acid will distribute itself between 
the two basic substances according to its relative affinity for 
Ihem. 
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Insolubility affects chemical combination, as for example, if 
sulphuric acid be added to barium hydroxide and potassium 
hydroxide, all being present in molecular proportions, the acid 
will first distribute itself between the two basic substances 
according to its relative aflfinity for them, but the combination 
with barium being insoluble, a portion of the barium is removed 
from the sphere of chemical action, thus reducing the relative 
proportion between acid and bases. The remaining barium of 
the bariurn hydroxide combines w-ith more acid, until finally 
all the acid which had been added is in combination with the 
barium and is precipitated as barium sulphate, the potassium 
hydroxide remaining unchanged. 

Again, on adding together two molecules of argentic nitrate, 
two molecules of hydrocyanic acid and one molecule of sul- 
phuric acid, it would be expected that the silver of the argentic 
nitrate would combine with the stronger of the two acids, 
namely, sulphuric acid, without reference to the weaker acid — 
hydrocyanic acid. Instead, however, a part of the silver 
combines with the hydrocyanic acid to form insoluble argentic 
cyanide, which is thus removed from the sphere of chemical 
action. Another portion of silver combines with the hydro- 
cyanic acid, and this action continues, until finally all the silver 
is in combination with the weaker acid, and is precipitated as 
argentic cyanide, the sulphuric acid remaining uncombined 
with a base. 
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SOLUBILITIES. 1 


^H A substance is termed insoluble when more than KX) times | 


^H its weight of 


water is required to dissolve it. 


^m Oxides. 


All oxides are insoluble in water, e.fcept the 




oxides of the alkalies and the oxides of barium, 




strontium and calcium. 


^M Chlorides. 


All chlorides are soluble except argentic 




chloride, mercurous chloride and plumbic 




chloride. 


^1 Bromides. 


All bromides are soluble except the bromides 




of silver, lead, bismuth, copper and mercurous 




and mercuric bromide. 


H Iodides. 


AH iodides are soluble except the iodides ol 




silver, lead, copi>er, bismuth, tin and mercurous 




and mercuric iodide. 


H Sulphides. 


All sulphides are insoluble except the sul- 




phides of the alkalies and alkaline earths. 


H Sulphates. 


All sulphates are soluble except the sulphates 




of barium, strontium, calcium, silver, mercury 




;uid lead. 


H Carbonates. 


All carbonates are insoluble except the car- 




bonates of the alkalies and the bicarbonates 




of the alkaline earths. 


H Phosphates 


All phosphates are insoluble except the phos- 




phates of the alkalies. 


H Nitrates. 


All nitrates are soluble (except cinchonamine 




nitrate and oxyn it rates). 


H Chlorates. 


All chlorates are soluble, 


H Bromates. 


All bromates are soluble except the bromates 




of silver, lead and mercury. 


H lodates. 


The iodates of the alkalies are freely soluble. 




all others sparingly soluble. 


H Acetates. 


All acetates are soluble. 


H Arsenites. 


All arsenites are insoluble except the arsenites ^k 




of the alkalies. ^^^^B 


^^ Arsenates. 


All arsenates are insoluble exce^^||«||^^^^^| 




of jt^^^^^^^^k 
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TABLE OF THE ELEMENTS, WITH THEIR CHEMICAL SYM- 
BOLS AND THEIR CORRECTED ATOMIC WEIGHTS. 



Elimsmts. 



% 

> 



Aluminium, ' AI 

Antimony (Stibium), .... Sb 

Anenic, ! As 

Barium I Ba 

Beryllium, < Be 

Biunutb, Bi 

Boron, I B 

Bromine, Br 

Cadmium, ! Cd 

Caesium, i Cs 

Calcium, Ca 

Carbon C 

Cerium, Ce 

Chlorine, CI 

Chromium Cr 

Cobalt, Co 

Copper, Cu 

Didymium, Di 

Erbium, Er 

Fluorine, PI 

Gallinm Ga 

Germanium, Ge 

Gold(Aurum), i Au 

Hydrogen, H 

Indium, In 

Iodine 1 

Iridium, Ir 

Iron (Ferrum), ; Ke 

Kalium (Potauiuin) ' K 

Lanthanum I La 

Lead (Plumbum), . . . . Pb 

Lithium Li 

Magnesium, .Mg 



Atomic 
Weight. 



'21.0 

74 y 

y.i 
au7. 

109 
7y.7G 

lu.y 

132.7 

:w.9 

11. 97 

140. 
35.37 
52.4 
58.6 
63.2 

142.3 

1()6. 
19. 

72.28 
1%.2 

1. 

113.4 

l'2i;.:>4 

192.:. 

55.9 

:J9.U3 

i:js.2 
2ih;.i 

23.9 



Klbmbn-is. 



M 

> 



Manganese, Mn 

Mercury (Hydrargyrum ), . Hg 

Molybdenum, Mo 

Nickel, Ni 

Niobium Nb 

Nitrogen, N 

Osmium, I Os 

Oxygen, O 

Palladium i Pd 

Phosphorus, P 

Platinum, Pt 

Rhodium, Rh 

Rubidium, Rb 

Scandium, ' Sc 

Selenium, Se 

Silicon, Si 

Silver (Areenium), .... Ag 
Sodium (Nairium), .... Na 

Strontium, i Sr 

Sulphur, I S 

Tantalum, ! Ta 

Tellurium, Te 

Thallium, ; Tl 

Thorium Th 

Tin (Stannum), Sn 

Titanium, ' Ti 

Tungsten (Wolfr^i), . . . W 

Uranium, Ur 

Vanadium, I Vd 

Viterbium, Yb 

Yttrium, Y 

Zinc, Zn 

Zirconium, Zr 



Atomic 
Wbight. 



54.8 
199.8 

95.8 

58.6 

94. 

14.01 
195. 

15.96(16.0) 
106.2 

SO.% 
194.5 
104. 

85.2 

44. 

78.9 

28. 
1(^7.66 

22.99 

87.3 

31.98 
182. 
125. 
203 6 
232. 
117.5 

48. 
183.6 
239. 

51.2 
173. 

J<9. 

»I5.1 

♦K). 



There are 66 elements known at present with certainty. 
The existence of Thulium, Terbium, Wasium and Vesbium, 
as elementary forms of matter, is not yet sufificiently estab- 
lished. 
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